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Research in the Teaching of Science 

Introduction 


IN COLLECTING, ANALYZING, AND INTERPRETING the 
t research in science education over the biennium July 1957 to 
July 1959, the National Association for Research in Science Teach- 
ing and the U. S. Office of Education sought to focus on some of 
the areas of science education in which known problems exist 
What does the research over this period indicate? Has it been 
concentrated in some areas to the neglect of others? Are any 
significant directions or trends indicated in the research findings 
of this period ? What was the nature and design of the studies? Do 
they reflect some of the newer patterns and techniques of research? 

It is clear that the Congress, through its support of science 
education over the past several years, has identified the area of 
science education as vital to the National welfare and security. If 
a long-range movement to upgrade science teaching emerges, it is 
certain that the improvements must be based on the findings of 
research. To produce excellent research, science education as a 
profession must become more critical— both of the design and of 
the findings of the studies within its/area of concern. 

The present bulletin summarizes published studies discovered 
through a careful search of the pamphlet and periodical literature 
of the biennium, and also unpublished studies discovered through 
a questionnaire jointly developed by the U. S. Office of Education 
and the NARST and mailed to more than 1,200 institutions offer- 
ing graduate work in science education. 

The three committees appointed by the National Association for 
Research in Science Teaching assumed responsibility for locating 
the names and addresses of persons who had published research 
in science education during the biennium. This information was 
assembled by each committee chairman and sent to the U. S. 
Office of Education. An inquiry sheet containing space for a 500- 
word abstract was then mailed to the author of each published 
study, In this way, responsjbility for abstracting both the pub- 
lished and unpublished studies was on the author rather than on 
a committee member. 

l 
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RESEARCH in teaching of science 

The stydies reported in this bulletin were carefully evaluated 
a^d selected by means of criteria drawn up by the National W 
ciation for Research in Science Teaching In moat cases the 
abstracts were evaluated by at least three committee members and 

Education ° f ^ 8pecialist * at ^ U - s - Office of 

The criteria, originally published under the title "What Con 
following ReSe&rCh lnvest Ration in Science Education,” « are the 

10 !* *? * investigation, . .tody must satisfy 

^ ° f thm A. Experimental .todies B 

Analytical studies, or C. Synthetic studies. ’ 

incJod « co»P»Hsons of learning under dif- 
ferent methods or condiUons of teaching and ail other investigations that 
involve pupils in one or more types of learning sitoatUmT They sr* 
characterised generally by the following steps or techniques:' 

L problem*** 11 * ° # * ^ *nd delimited 

2. A thorough study of the literature appertaining to the problem 
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in an educational aituation. Synthetic studies are characterised generally 
by the following steps or techniques; 

1. A statement of a carefully and clearly defined need or objective. 

2. The development of criteria for maintaining selectivity in the uae 
of materials and the consistent uae of the criteria in thorough 
studies of materials appertaining to the need or objective. 1 

3 . The development of a practical pattern or technique for organising 
the materials that met the criteria. 

4. The preparation of a substantial publication that gumma rises the 
results of the studies. 


The present report reflects the advantages accruing to a coopera- 
tive project in which several individuals have participated. On 
the other hand, it reflects the obvious limitations of such ventures 
inasmuch as it permits a wide latitude within which individual 
judgments may be exercised. In addition, some studies had to be 
left out of the report because they were poorly represented by the 
abstract supplied to the committee. / 

The chairman of the three committees, together with the general 
chairman and the cooperating science specialists in the U. S. Office 
of Education, accept full responsibility for errors of categorizing 
the studies and of interpretations resulting from the application 
of the criteria. 


It would seem advisable to make an earnest nationwide effort 
to upgrade research in science education. Too many studies repeat 
previous ones — at least in part — thus showing little awareness 
of what has already been accomplished in the field. Likewise, many 
of the problems chosen are too general, or have already been so 
thoroughly explored and their results accepted, that the results of 
the present-day research studies are almost predetermined. In 
addition, many stupes are survey studies, basing the entire investi- 
gation on an analysis of the present status of some aspect of science 
education. 
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Challenges to the Improvement of Science Education 

• 


W” AT ARE THE POTENTIALS of a research resource center’ 
Of common concern is the improvement of research in science 
education, and the question is this: How might research resource 
centers help? To give my answer to this question 1 should like, first 
of all, to point out a few ma jo ^difficulties with today's research 
efforts, then try to define good research and suggest possible wavs 
of producing it, and finally examine alternative proposals for im- 
proving research in science education. 

It would be easy enough to point out the technical shortcoming- 
ot present research: poor rosea re h design, improper b^atistical 
procedures, untenable assumptions, and hypotheses that cannot 
be generalised. Such technical shortcomings are, however, merely 
the result of fundamental difficulties. One of these difficulties is 
the fact that we seem to have to rely almost exclusively on degree 
Candida tea to conduct the research.* Such research isneceaaarilv 
hurried and harried-the candidates do not have time either to 
design long-term research projects or to deyelop the technical 
competencies needed to arrive at convincing, replicable results. 

f Another fundamental difficulty arises from the fact that w*e 
often attack issues or problems head-on, without sufficient atten- 
tion to the frame- work underlying them. We ask specific 'questions 
such as whether or not the laboratory experience should precede, 
accompany, or follow class discussions, rather than ask broad 
questions about how children learn science concepts. Our behavior 
is somewhat like that of the alchemists who wanted to turn lead 
into gold. All their time and energy was expended on repeated 
empirical head-on collisions. Today; by making use of the knowl- 
edge about the nature of matter, the alchemists’ dream is quite 
possible. Similarly, our own advance? in science education will 
come not from a direct attack upon the obvious issues and prob- 


Contrtbatod b, WlBUa W. Cooiey. Seboof of Ed«*tioo. HarroH ty. 
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I IMPROVEMENT OP SCIENCE EDUCATION 5 

|| lerns, but by a alow testing of basic relationships which will become 
U useful, operating principles. 

| Finally, a third fundamental difficulty is the fact that our 
I discipline does not now possess a definite structure of criticism. 

If research is conducted in an area where naive and inconclusive 
I work is published along with the good, and if poor work goes 
I uncri tidied, improvement can* hardly be expected. The natural 
| Jciences which we teach give us reliable and accurate accounts of 
I the world, in large part because of the system of checks and criti- 
cism which these disciplines have evolved, yet we fail to recognize 
this in our own research field. 

This lack of structure of criticism in science education research 
is illustrated by those of our journals which have no section de- 
voted to letters from readers criticizing specific reports for short- 
comings. We all tend to deplore the general body of research, but 
no one is saying what is wrong with i chat research, so that we 
could slowly work toward research that inspires confidence. Also, 
at our meetings, we tend to march through a full schedule of 
research papers with little or no time for discussion so that every- 
one might be able to present his study. The frequent summaries of 
research and the “implications” papers of our organization (which 
made up about 20 percent of Scienee Education, vol. 44) would 
seem to be one avenue for research evaluation; but here only gen- 
eral Statements are found, and criticism of specific efforts is only 
through omission. If a paper that is below any acceptable stand- 
ards of research gets into our literature or is placed on our pro- 
grams, the investigator must be told where he fell short Otherwise, 
incompetent research will continue to mask the valuable research 
upon which our discipline should be building. 

No doubt other major difficulties might be pointed out but if 
you agree that the three mentioned above are legitimate com- 
plaints, that is all 1 need as background for the points that follow’. 

Before turning to possible solutions for these difficulties, per- 
haps I should pause and try to give you my conception of good 
research. This seems a reasonable preliminary to the question, 
“What is needed to produce good research f” 

> In a recent yearbook of the Nations’ Society for the Study of 
Education, Fletcher Watson and I attempted to delineate areas 
which we felt contained worthy and resea rchable questions. 8 Im- 
plicit in our article is our conception of good research. First of 
all, good research utilizes knowledge from the frontiers of related 

* NhM Kanrtk ia SetMM* BdaaaUoo. Ia B*-t knkn# Seine* Stimeatum, Fifty -ninth 
Yearbook at NSSE. ebaptar XVI. 1M*. , 
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disciplines. Too many of the previously reports studies appear 
to have been designed and conducted as though psychology, psycho- 
metrics, and the other behavioral sciences did not exist Nor do 
the studies give much attention to philosophy in questions con- 


cerning the aims of science education. One characteristic of good 
research, then, is that it builds upon the established principles and 
research techniques of related disciplines, whenever relevant, 
i ne use of principles and techniques developed in related dis- 
ciplines, though necessary, is not, however, s uffi cient in itself for 
good research. In a current 6-year study concerning the process of 
becoming a scientist, we are using the psychologist’s developments 


in personality assessment, procedures in multivariate analysis 
developed by statisticians within the last 10 years, sociology’s tech- 
niques for measuring socioeconomic status of the family and 
parental expectations for the son, and the engineer's most recent 
high speed, stored-program, digital computer. But all of this will 
amount to very little if research workers should fail to build upon, 
derive specific hypotheses from, or confirm or modify a theoretical 
structure 01 the career-choice process. This is not to insist that 
all educational research must test hypotheses from the theories 
of related Behavioral sciences. The essential point is that our 
research efforts should be directed toward a more fundamental 
understanding of the basic processes that occur within the domain 
of science education. 




Having delineated a few of the characteristics of good research, 
we can now ask what is most needed to produce the research that 
seeks to under a card the basic processes involved in teaching and 
learning science, the research that will serve as a basis to develop 
and improve specific methods and materials, the research that takes 
advantage of developments in related disciplines? What is needed ? 1 
The answer is simple: good people! 


In discussing the scientific enterprise we too often forget that 
research is done by people. The most elaborate organization ever 
conceived will not produce good research without good people doing 
the research. What we might be able to do collectively, however, 
is develop a program that will encourage competent people to focus 
their attention upon the basic processes Involved in science 
education. 


One approach might be to offer research grants to behavioral 
scientists for examining aspects of science education. Even if 
more behavioral scientists could be encouraged to use our domain 
as testing grounds for their hypotheses, the extent to which their 
efforts would modify our practice would nevertheless be question- 
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able. Such men are usually more interested in contributing to 
their own disciplines and publishing in their own literature : this 
limits their usefulness to us within our existing structure. (We’ve 
already observed that little use is made of the developments of 
other disciplines. At least our published research does not reflect 
familiarity with their literature.) This Anally brings me to my 
central point. 

We need to develop a core of men who will serve as the missing 
link between the frontiers of the study of human behavior and 
our own specific concerns. Today the universities preparing most 
of the doctorates in science education number only about 12. I 
believe that their programs tend to be staffed with men whose 
primary interests and responsibilities lie in the realms of action 
and service: directing teacher training, conducting inservice in- 
stitutes and summer workshops, writing textbooks, and preparing 
other new curriculum materials — certainly worthy enterprises. 
But missing are any faculty members — to speak of — who devote 
primary attention to research. We cannot expect the research in 
our field to improve without such persons. As the recent Presi- 
dent’s Science Advisory Committee Report 4 on basic research and 
graduate education pointed out, competent graduate research is 
done in an atmosphere of active faculty research. Research is not 
something that one sandwiches in between a multitude of other 
activities. It is a full-time job, and we cannot expect to get the 
competent research we sorely need until faculty researchers are 
on the staffs of every graduate program in science education. 

Some of you are no doubt thinking that faculty researchers are 
neither possible to obtain nor necessary to have — impossible be- 
cause of the lack of money for extra staff, and unnecessary because 
vour university faculty has behavioral scientists to Whom your 
candidates can turn for special help as problems arise in their 
dissertations. 

The question as to the necessity of having a research position 
on a science education staff la not easily answered. If there is 
general agreement that our research efforts should not continue 
to rely almost entirely on the work of students, and if most grad- 
uate school faculty members are already overly committed with 
the school’s necessary and important action-service functions, then 
the need for additional staff seems to follow. What may not seem 
necessary is my plea for the performance of basic, behavioral 
science investigations. 


* Scientific Proftm ind tk* nltrtl Seim**, SMilMS-ll. 
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l here are two mam reasons why I believe basic research to be 
necessary. First, we cannot expect to utilize the frontiers of 
knowledge in the applicable sciences if none of us is familiar with 
those frontiers. The best way of knowing the frontier is to work 
there. The emphasis is on frontiers because the scientific advances 
in any field involve a process of successive approximations, so that 
the most recently developed principles of human behavior are 
generally the most reliable. 

The second reason is that much needs to be done in terms of 
adaptation and development before the fruits of psychology and 
sociology become useful in the educational setting. We must be 
concerned with the sciences of human behavior because it is 
human behavior we are dealing with in the schools. A part of 
this basic research task is ours. Although the study of pigeons 
pecking for food or of rumors circulating in wartime may yield 
basic psychological or sociological principles, the task of selecting, 
testing, and refining such principles into educational operations 
involves, a type of basic research not now common in our field. 

I call it “basic” because the focus is upon building a science of 
human behavior in the educational setting. It is not a disorganized 
empirical attack (in the manner of the alchemists) upon the 
obvious and immediate concerns of educators. 

My remarks thus far seem to have taken me rather far afield 
of today’s topic. How do research resource centers fit into the 
scheme I’ve presented? I believe they are potentially useful for 
improving the dissemination of research results, but they will not 
solve some of the basic problems described above. The current 
plan is to set up centers around issues or problem areas. This focus 
might serve to entrench even more firmly the head-on empirical 
attack on the obvious problems in our research methodology. 

Another major shortcoming of the proposed center concept is 
the emphasis on resource rather than research. I am whole- 
heartedly for research centers, but differently conceived. Each 
research center should evolve specific areas for research. These 
areas should not be assigned from the outside, nor should the 
center assign itself any preconceived areas. But evolving areas are 
a different matter: they will necessarily reflect interests and 
strengths of each local faculty. I say “evolve” because research 
is not a process daring which someone identifies a problem, defines 
it, compiles a relevant bibliography, performs an experiment, and 
thus solves the problem. It sometimes appears as though we have 
come to believe the all too-frequent general science textbook defini- 
tion of the scientific method. 
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Although it is easy to be negativistic toward sincere and 
thoughtful proposals, it is quite difficult to develop better ones. We 
seem to have a common concern and desire : to improve research in 
science education. Research resource centers will no doubt be 
useful, but I would prefer not to see us place too much faith in 
them as a panacea. Just so much time and energy is available, and 
we must decide what approaches are most likely to yield the great- 
est improvements. The following four suggestions might be con- 
sidered along with the proposal for research resource eqpters. 

1. We should identify the more definite, organized research operations 
at universities preparing doctorates in education. Our research 
coordinator could compile and make available a summary of these 
activities. Only centers having a going program of research should be 
listed. The listings, which could be published In Science Education, 
would be useful for stimulating the establishment of more definite 
programs at other institutions. The listings would also make it 
possible for prospective graduate students to identify institutions at 
which they might profitably study particular aspects of science 
education. It is not too clear tpday who is doing what. This sugges- 
tion is not an attempt to establish m research elite, but rather to 
provide a means for recognising those areas currently being researched 
on an organized basis, so that the practitioner can know where to seek 
competent advice and emerging center* can decide where to place 
their own emphases. 

2. We should improve our official journal through establishing an edi- 
torial board which could pass for publication only competent research. 
I suggest a board because the improved screening of paper* is too 
much to ask of any single man. If more careful editing results in too 
few papers, invitations should go out to behavioral scientists who are 
conducting research related to science education. This would bring 
their work into our literature and would tend to assist us in setting 
standards for research. 

3 . The official organ of this association should contain a section devoted 
to constructive criticism. A “Letters" section suffices in the journals 
of many other disciplines. If such criticism is not received on a 
voluntary basis, it should be actively sought— not simply for the sake 
of criticism, but because we have generally agreed that too much of 
our current research is poor. The incompetent, irrelevant, and im- 
material aspects of existing studies most be clearly pointed out. We 
won’t get anywhere until we become more specific In our critiques. 
This is an Integral part of any scientific enterprise. 

4. The Association, together with the U. S. Office of Education, might 
wish to sponsor special summer conferences at which the men now 
actively engaged in research would meet to discuss specific research 
problems and to share their competencies with others wishing to 
become more active in research. We don’t seem to have much difficulty 
setting up big conferences for general discussions or workshops to 
write new textbooks. Perhaps a 6-week session on concept formation 
would be a good place to start. 
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The National Association for Research in Science Teaching no I 
doubt might do many other things to stimulate and improve 
research in science education. We should remember, however" 1 
that any action must be related to people doing research and not ! 
to peripheral activities, which are only substitutes. To improve I 
science education, much needs to be done in basic research ; and ! 
to accomplish this, leadership and action are required, NARST 
is the only organization devoted to research in science education 
and only its membership can provide the necessary stimulus to 
conduct competent research. This is the challenge we face. 


Avenues to the Improvement of Research 
In Science Education 1 

% 

T N A POPULATION so dependent on research, it is sad to reflect 
A how few people perceive what it is ail about 

"Research/’ as the late Palmer 0, Johnson 1 once defined it “is 
an approach to a comprehension of the universe along a broad 
thoroughfare of organized knowledge solidly established on obser- 
vation and experiment imbedded in a matrix of theory. It is a 
highway that la continuously being lengthened, widened, and 
mended.” 

Whether or not we agree with Professor Johnson’s definition of 
research, his definition contains the essentials upon which good 
research must be based : (1) organized knowledge, (2) observation 
and experimentation, (3) theory. These three essentials con- 
stitute a void, or a formidable roadblock preventing the free flow 
of good research. All are generally necessary to the production 
of good research ; none is sufficient in itself. How a particular 
academic area or discipline views them is dependent to some extent 
on the nature of that discipline : its breadth of coverage, its level 
of theory development, and its views on observation and 
experimentation. 

In education and in science education, it is most difficult to 
achieve a blending of these essentials in the proper proportions, 
since the area of endeavor is a complex of many things. Even a 
casual study will show that the level of theory development in 
science education is low and its breadth of coverage extremely 
wide. These in combination have led to an arm-chair approach 
to the problems of education by many self-appointed experts in 
and outside the field whose repertoire is lacking in one or more 
or all of these three essentials. Experts, otherwise well equipped, 
have avoided observation and experimentation as a source of 
truth due to the remarkable breadth and complexity of educational 
measurement. A haphazard or arm-chair approach to the un- 
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resolved issues, so typical of efforts in the past, is not enough 
An organized and concentrated effort such as the research resource 
center may be the answer to our vagueness. If properly structured, 
it will have the potential we are looking for. 

In science education it is imperative that the researcher have a 
sound grasp of the organized knowledge in some scientific arep 
such as physics or chemistry, in which he proposes to research. 
He should nave more than a nodding acquaintance with the 
philosophy of science as represented by such men as Herbert 
r eigl, Morris R. (Johen, Ernest Nagel, and P. W. Bridgman. 1 These 

in . C P r ? bmatl0rf wU1 add the rifforpusness of the researcher’s 
wurk in terms ofis^be method of science and afford a theoretical 
basis for his exploration of pertinent problems. 

The above might be sufficient for the researcher in science, but 
there is another dimension crucial to the science educator in which 
the three essential conditions must be repeated if he is to conduct 
good research. This is the complex of education involving perti- 
nent applications from the organized areas of knowledge, such as 
economics, sociology, psychology, and statistics. A fair grasp of 
these disciplines, coupled with a sophisticated understanding of 
educational philosophy, learning theory,* educational measure- 
ment, 3 and techniques of educational research.* are essential *o 
the production of goad research in education. 

Research is needed also In educational measurement, since edu- 
cational research has been handicapped by inadequate methods of 
measurement, and since the absence of feasible methods of 
measurement may block off entire areas frt#«ignificant inquiry. 
Adequate methods of measurement are as essential to progress in 
education as they have been for progress in the scientific dis- 
ciplines. Thus, the road to good research in science education is 
a complicated highway and the equipment must be good if one is 
to reach the end of the road and deliver hia cargo of usable goods 


What constitutes good research in the field of education? Good 
studies are essential if research is to be implemented by action in 
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the educational process. Nicholas A. Fattu 1 discusses the^bharae- 
teristics of good Studies in some detail : 

A good study puts u« ahead of where we are now, tackle* problem* not 
handled by peer*, solve* problem* that other* have failed to solve. A good 
study make* a difference in educational practice if the potential applica- 
tion* are taken *«riou*ly. A good study in imaginative, ingenious, and 
productive of new approache*, new idea*, and new data. A good study 
fits into a pattern of long range work. It has antecedent* and conse- 
quent*, and the total result i* increased understanding of a field as a 
result of the accumulation of studiea. 

A good study is carefully designed and planned. It identifies a definite 
problem. All part* of the procedure are relevant to the question being 
studied — data collected, analysis of data. The interpretation of findings 
or meanings of result* is directly related to the organisation of the study 
and the procedures used. The results are also directly related to the 
conceptualisation used, and may suggest new data and new concept*. 

A good study is aimed at diacovering truth, not at supporting a current 
or proposed practice. It deal* with more general and universal aspects 
of questions that concern education. The goal is not to find a quick 
solution, but to develop tasted principle*. Results of a good *tudy can be 
communicated to peer* working in the same area. 

A good study is appropriate to the level of development of it* field and 
to the questions asked. Education ia an enormous public enterprise 
engaged in a form of mass production. It is impossible to operate on this 
scale without systematic quality control, for without quality control we 
don’t know where we stand, and we cannot correct the weak spot*. A 
program of quality control involves systematic and continuous collection 
of facts on pupils, including long term follow-up of graduates. Data 
would include testa but would also include data on motivation, socioeco- 
nomic background, level of aspiration, emotionality, etc. Operations 
research tells the school about Its raw material and about Its output 
Operations research and quality control methods could be applied to 
operational data. 

Although educational research studies run the gamut as to 
problems studied, good studies are characterised by the identifi- 
cation of definite problems to be investigated. No doubt there are 
a host of identifiable problems needing solution. Some of these 
are represented in the nine fields of investigation which should be 
assigned to research centers. . But should not the central and 
underlying purpose be to improve instruction in science? If this 
be the primary purpose, then the real problem is to evaluate the 
outcomes of learning in science. Evaluation then must involve 
objectives and an appraisal of whether or not these obj ectives have 
been reached. 

What are some important objectives or criteria of learning? 
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' rhefte may 56 8tat8d m ways, but are not the following 

almost all-inclusive? 

Ha* the isomer: 


I. Acquired and retained useful and pertinent information ot a fartua! 

nature ? 

I Acquired and retained a workable understanding of the prinrinUa 0 - 
CHi? taent of an academic field 1 

S. Learned to use intelligent method, in adapting to the problem* of 

uii life ; 

4. Reached a lee el of underatandin*. appUcation, and performance in 
the three point* above, ooouiiemurate with hti ibfllty! 

The purpoqg of this discussion was to point out that : 

. evaluation must be geared to objective* .mn* a continuum from 
iimpl# understanding* and ski l i, tad limited adaptability to 
Pl*to understandings and complex skills and greater adaptability When, 
we u students and t^ebar* art c« this rontinnnm detorminm the evalu- 
■tk* procedure* t® he employed, As k»g ai »» operate on a rather low 
Uv * of understanding Mar the lower end of the continuum, the ordinary 
e-raiuatioa prMdtr« will ttufflee. A Utei# thought and ingenuity, how- 
ever, can lift us off the lower levels of -valuation and place us a bit 
higher on the Mtiaama. As we and our student* continue to mow 
upward in an understanding of what we are trying to aecooipliah, the 
simpler procedure will no longer evaluate adequately the trimeter of 
understandings and abilities of the pupil*.* 

Ragardlefut of whether or not you subscribe to the four criteria 
of learning- stated above in terms of a continuum or spectrum, it U 
imperative that the purpose* of a research study be couched in 
terms of sound learning objectives if the research study is to 
have a chance of being implemented into action. 

In m previous paper entitled Implementing Research Into Ac- 
ticm> the writer emphasised that school personnel must be made 
a real working part of the research team and acquire some psycho 
logical ownership of the research process if research ia to be im- 
plemented into action. 

Psychologic*, ownership cannot be acquired in full by active 
participation in the research process. Before or along with par- 
ticipation then must be some solid exposure to ; ( 1 ) formal in- 
struction in the discipline or in the area where the educational 
rcncareh is to be conducted ; (2) the psychology of learning, both 
in psychology of learning per se and in psychology of learning as 
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applied to a particular academic area; and (8) methods of educa- 
tional research and the applications of statistical methods to 
research in education. 

The first point need not be labored upon too long. It should be 
obvious that one cannot do much real educational research unless 
he knows his academic field well. The researcher must be well 
grounded in his discipline at the undergraduate level and in addi- 
tion must have pursued real graduate work in the area. Programs 
in teacher education must demand real academic attainment in the 
major or minor teaching field. 

The second point need not be treated at length in this discussion. 
Pertinent, however, is the following statement : 

Education is as Integral part of modern Ufa. Modern individual and 
social Ufa encompasses a grant complexity of phenomena. Systematic 
and orderly investigations of the "great burring confusion” of life 
require conceptual nations; that is, views of what to look for, how to . ok 
for them, and what kinds of structures, pr ocesses , and relationships are 
involved. If, when one entered a classroom, he had no prior conceptualisa- 
tion of teaching and learning, he would children and an adult, he 
would hear several children and the adult speaking, be would note physical 
items in the room, movements of people, and 'the like. What gives it 
meaning for the Investigator of classroom instruction is a model which 
he conceives, a simplified picture of the structure and process of class- 
room Instruction This model usually includes such elements as a teacher, 
pupils, objectives of instruction, learning outcomes. If he holds such a 
model In mind, he has a basis for focusing his observations and for 
arranging and analysing his data. This development of a formal model 
provides a way of viewing the complex phenomena in a fashion which 
permits scientific study. 

Models serve to simplify a process which appears on the surface to be 

too varied or complex or haphazard to be understood But models must not 
only simplify complex phenomena ; they must provide a means for ex- 
plaining and predicting the variations and regularities observed in the 
phenomena. Hence, conceptualisations change as research indicates that 
earlier models fail to explain or predict many of the observations noted. 
For example, a common model for research in instruction in the 1920's 
included a teacher, a group of pupils, methods of teaching, learning 

OH tOO|P€i 

This conceptualisation recognised variations in the intelligence of 

pupils, various methods of teaching and variations in the degree of 
achievement by the pupils of the learning outcomes Since that time, 
a number of things have been added to this model, such as variations in 
the skills, preparation, and personalities of teachers, variations in the 
initial achievement of pupils, in the kinds of pupil motivation, in the 
content and intensity of pupil interests; and variations among several 
major kinds of educational outcomes, such as knowledge, skills, attitudes, 
and problem solving. Effective educational r ese a rch to commonly guided 
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by conceptualisations which provide ways of viewmg uj* eo, 
educational phenomena in orderly and meaningful patterns." 

The third point is particularly important, for it is in this area 

that the real break-through in educational research mav occur 
I quote: 


As is so often the case, a study of a particular problem in education is 
given a stamp of approval or is labeled respectable, because the study 
contains a number of tables which are statistical in nature. Actually, 
statistical analysis of data is only in order provided the researcher: 

1. Selects the appropriate statistical technique for the data at hand, 
and in addition tests the assumptions basic to the technique. This 
implies an adequate background in the field of statistics and 
measurement Even the coroner conducting a post-mortem 
examination selects appropriate tools and techniques, but even 
then his examination more often than not fails to produce addi- 
tions to th® knowledge of medicine. 

2. Applies the Golden Rule of statistics. This In, essence means that 
consideration is given to statistical techniques early In the study 
which Is often a controlled experiment, before the date have been’ 
gathered. Too many studies supposedly experimental in nature 
are like corpses-^!] that one can do U hold a post-mortem exami- 
nation. An experimental study should be carefully planned In 
advance under conditions which will afford a secure basis for new 
additions to knowledge. 

In moat investigation, other than the descriptive type, the two chief 
problems are: (1) testing statistical hypotheses, and (8) estimating 
population parameters. first Involve* an exact test of significance 
or a test which Is based on a known probability distribution. Usually 
this involves setting up the hypothesis as a null hypothesis, applying the 
appropriate statistical tool, referring the final result te tJbe appropriate 
model or distribution, and last of all a rejection of the null hypothesis or 
its acceptance (failure to reject it). 

H is «**«ntia! in an experiment that the principle of rindomiiation be 
observed. Otherwise, a test of significance has no validity. It is important 
that groups of students who are to be treated differently, h#ve the same 
probability of being so treated. In other words, the educational treat- 
ments should be randomised. In addition, the students should be assigned 
at random to the various groups receiving different educational treat- 
ments. Only when samples are obtained in this manner and only when 
the experiment makes it possible to secure a valid estimate of the experi- 
mental errors, is statistical inference permitted. 11 

It is important in setting forth the plans of an experiment to 
answer the questions that prompted the research and to list all 
the variables that might conceivably influence the results. In an 
experiment based on the assumption of controlling all factors 
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except the one under Investigation, it is often observed that 
results vfill change from one experiment to another of the same 
kind, all the essential conditions are varied simultaneously 
rather than one at a time, one can observe the effects of the factors 
in a nearly natural setting. Factorial design is appropriate because 
the effects of the interactions of all combinations of factors under 
consideration are measured. The chief advantages of factorial 
experiments are: (1) greater efficiency, (2) greater comprehen- 
siveness in that effects and interactions are estimated, and (3) 
that the conclusions have a wider inductive basis. I quote again: 

It Is possible to parti all out In a factorial design, such gs the above, the 
effects of pre-ecience information and Intelligence. This would call for a 
factorial design involving analysis of covariance. 

Consideration of designs of the factorial type before the investigation 
gets underway might make the research efforts more fruitfuL 

. , the research worker in science education ahould : ( 1 ) use adequate 
and reliable statistics when the research calls for description, (2) tier 
statistical techniques properly by testing assumption* ha sic to the tech 
niquee, and (3) select ajid use statistical tools in the early stages, of an 
investigation. In addition, the research worker in science education 
should be aware of new statistical tools and sampling distributions avail- 
able for exact tests of significance and think of problems in science 
education not only in terms of teats of significance but in terms of prob- 
lems of estimation. 

Finally, the science researcher ahould use the powerful tool of analysis 
of variance and covariance to bolster the controlled experiment in science 
education, and insofar as possible consider in future studies the possibili- 
ties of varying all the essential conditions simultaneously by designs of 
the factorial type so that our findings will reflect natural settings and 
thus have wider applicability in our science teaching. When this becomes 
an accomplished fact, science teaching via realistic r esea rch will improve 
immensely. 1 * 

When the statements quoted above were written (in 1954), 
some references to multivariate analysis were appearing in the 
literature. Today, there is not an abundance of space devoted to 
the topic, but nevertheless many scholars in the area believe that 
multivariate analysis may trigger a real break-through in edu- 
cational research. To quote Johnson and Jackson : 

A* a general rula — in fact, any phenomenon undvr observation — U, or 
may be, affected by the influence of numerous factors, and these factors 
may be related among themselves — s om et im es operating in the same 
direction, and sometimes in opposition. One of the teaks of the resea rcher 
la to identify and describe these relationships and interrelationships. 1 * 

Multivariate analysis is a mode of statistical operation and may 
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involve such methods as partial and multiple regression and cor- 'j 
relation, factorial design involving analysis of covariance, and the 
discriminant function. Illustrative of a very simple application 
of^tbe method of multivariate analysis is a. study entitled An 
Evaluation of the Introductory Chemistry Courts on Film by ' 

Factorial design and Cororuwce FFiM Method and Sex as the Mann » 
Variables. 1 * 

In this study the problem was to test which method produced 
superior results in measured achievement in chemistry during one 
year of instruction : the conventional or the film method The 
design of the study was a 2 x 2 factorial type. The factors were 
the two sexes, male and female, and the two teaching methods, 
film and nonfilm. Analysis of covariance was introduced in tha f 
the pretest and the SCAT (School and College Ability Test) scores 
were held constant The factorial design employed permitted ! 
stratification of the data and the testing af three null hypotheses 
as follows: I 

1. Student* Uug*t by the fttm method did rw* differ in sck lament frs*n 

thoM Uuffct by the nonflim method, with pretext end SCAT eroree 
held oonsUuit 

2 Male itudenU did not differ from female student* in achi#Tero«nt 
with pretext and SCAT ecorwe held constant. J 

S. The mm did not differ in achievement when taught by the dim 
method and when taught by the nonflim method, with preteet and 
SCAT tcorm held constant 

The primary hypothesis was the first, and hypotheses 2 and 3 
helped make the first more meaningful than it would have been, If 
they had not been introduced into the problem. From the stand- 
point of the efficiency of the factorial design, it can be said that 
we will have tested one hypothesis regarding interaction and 
two hypotheses concerning main effects. If the single-factor plan 
of experiment had been used, the two main hypotheses would have 
required separate treatments and no information would have been 
possible concerning the effect of interaction. The following four 
groups could have been compared at once in one analysis of covari- 
Eooe. (1) film-male, (2) film-female, (3) nonfilm-male, and (4) 
nonfilm-female. However, six T-testa would have been subse- 
quently required, and again the interaction effect would not have 
been available 

In this study, 10 students were selected by means of random 
numbers from each of the following groups: 
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Film Method— Mate . ' - 

Film llttiiod — F wb>1<- - - - — - - - — — — 

Nonfllm Method— Mate ...... - 5»® 

NonAlm Method— Female I 7 * 

Three score* for each student were placed in one of the cells of a 
2x2 table as follows : 

MaU Frm. aU 

Grvnp X' V* /* V* V f 

Film , 

Non film 
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The sums of scores, sums of shorts squared, and sums of cross 
products were obtained for the three measures X, Y, and Z From 
these, the sums of square* of SS’s (Xx*. Xy*, Xx*, Xxx, Xxy, Xyi) were 
obtained for: (1) the total sample, (2) method, (3) sex, (4) in- 
teraction, (6) withm, (6) method plus within, (7) sex plus within, 
and (8) interaction plus within. The following regression coeffi- 
cients were used in obtaining the adjusted SS’s : 

(ixxHXy*) - (Xyx) (Xxy) 

1 = iu'ilV) («>')* 

_ (Xx*)(Xyx) - (Xxy) (Xx*> 

~ ' (XX*) (Xy*) - (Xxy) 1 

The adjusted SS’s were obtained by using the following formula: 
SS = (X* — b,Xxx — b»iyr) — (Adjusted SS for within) • 

The final step in analysis of covariance appears in the following 
table: 


Aul;ik at Cotarimw 


Sonrvo of 


Aifnstad 



variation 

d-f 

SS 

US 

/Vo6o6iht|f 

Method 

1 

666.60 

9 68 

P< 01 

Be* 

1 

1*7.03 

2.19 

P>.06 

Interaction 

1 

10.06 

0.18 

P>06 

Within 

84 

1,970.*4 



Total 

87 

2,628.68 




The significance of the mean squares was determined by enter- 
ing the F table with 1 and S4 degrees of freedom. The mean square 
for method was the only significant one and indicates that a 
significant difference in chemistry achievement occurred with 
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pretest and SCAT scores held constant in favor of the nonfilm 
group. The adjusted means were 48.49 and 41.06, respectively 
Since the F value for sex was not significant, no bias was intro- 
duced by this factor. Also, since the F value for interaction was 
not significant, the difference in achievement of the students in 
ine rum and nonfilm methods cannot be accounted for on the basis 
oi being a male or a female, when taught by the film method and 
when taught by the nonfilm method. 

Factors other than sex can be introduced into additional fac- 
torial designs. In this way, it will be possible to vary all the 
essential conditions simultaneously rather than one at a time, 
thus resulting m greater efficiency and comprehensiveness The 
results therefore have wider applicability than do single experi- 
ments, since the ordinary analysis gives information only in 
respect to a narrowly restricted set of conditions. 

A similar study “ was made, using a 2 x 2 design involving the 
same types of scores for each student and using method and career 


The problem was one of testing which method produced superior 
results in measured achievement during one year of instruction: 
the conventional methods the film method. The design of the 
study was a 2 x 2 f actorfCl type. The factors were the two methods 
of instruction (film or nonfilm) and plans of going to college for 
a science career and nonscience career. Analgia of rovariance 
was introduced in that the pretest and SCAT scores were held 
constant. The factorial design permitted stratification of the data 
and th testing of three null hypotheses as follows: 


The following conclusions were made on the basis of the data 


scores held constant. This was our primary hypothesis. 

2. The science career students achieved significantly more than the non- 


plans as main factors. 



obtained : 

1. 't'he film and nonfilm groups achieved the 


same with pretest and SCAT 
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science career students with pretest and SCAT scores held constant, 
since the F was significant at the 5 percent level and the adjusted 
means were 63.36 and 46.96, respectively. Since the F values for 
method and interaction were not significant, the conclusion was not 
biased by the factor of method nor influenced by interaction between 
method and career. But since the F value for career was significant, 
control of this factor by stratification was justified. 

Perhaps of most importance to the problem of implementing 
research into action is an all-out commitment to the worth of the 
research process. The following is pertinent as a conclusion to 
my remarks: 

Research can serve education in the same way that it serves such 
fields as medicine and agriculture. It can test the effectiveness of new 
programs; it can establish principles which will suggest new procedures. 
Changes are being proposed and made in our educational programs 
because o t the current concern that ail cltlrens shall achieve their full 
educational potentials. tVe would be delinquent in our duty if, at the same 
time, we did not strengthen and extend the program of evaluation, 
whereby we might know whether the new programs are producing their 
intended results. 

Research is needed today to resolve the heated, and often bitter, contro- 
versies regarding educational policies and methods. Many of these dif- 
ferences in views stem from s lack of basic knowledge regarding learning 
and learners. Only when we know what various educational programs 
produce, and when these results are attested by objective scientific evi- 
dence, can we settle upon the better programs. 

It is mot enough to urge classroom teachers to put more effort into 
teaching subjects by traditional methods. Many current methods are the 
product of years of traditional practice and they are not necessarily the 
most effective in terms of current needs and knowledge. Over a period of 
years research ha* shown repeatedly that traditional methods are often 
based in part upon false principles of learning and that new methods can 
be devised to replace them. 

We need research not only on educational methods, but we need a great 
deal of research on the problems of motivation ; we need to know far more 
about aptitudes and their development; we need to know more about the 
social forces which encourage or discourage youth from staying in school 
or entering a learned profession. Research has already provided insights 
and technique* for making better use of our human resources, but we 
shall remain comparatively ineffective until we know far more than we 
do now. 

Research on educational problems and on problems significantly related 
to education is increasing in amount and in coverage. Funds from the 
Federal Government, foundations, and institutions have steadily in- 
creased. But, in relation to the need for improving education and to the 
importance of educational efficiency, the present investment in educa- 
tional research is totally inadequate. 

Organisations of professional educators and groups of specialists are 
independently promoting many kinds of research. The results are often 
fragmentary. Too little opportunity exists for the ablest research leaders 
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they (1) are well grounded in their academic fields, (2) know the 

rel ® t * d to and important to education, (8) know 
( .^ / ycboogyof l^ramg. (4) are sophisticated in the applica- 
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demanding requisite, time must be taken 
v . ? Ade to un l p rove educational measurement, and multi- 
anate analysis must be employed with increasing frequency. The 
two m combination may well represent a crucial ap^oLh to 

E2T ln '^cation, and if well done may constitute the break- 
through so desperately needed in educational research. 
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Research Studies In Elementary School Science 


A LTHOUGH THE STUDIES in this action deal with science in 
- the elementary school, they hold implications for science teach- 
ing at other levels. The increased emphasis during recent years 
on developing a coordinated program In science from kindergarten 
through grade 12 suggests that these studies be examined by com- 
mittees and curriculum leaders for their contribution to such a 
program. More than ever before, science education leaders at 
every level of instruction need to keep abreast of science education 
at the elementary school level. The studies in this section should 
therefore be of interest not only to elementary science educators, 
but also to those at the secondary school and college levels. 

This section contains abstracts of 26 of the 48 studies on ele- 
mentary science reviewed by the committee and a complete list 
of all these studies. 1 

Analysis 


A majority of the research studies on elementary school science 
dealt with (1) problems of learning involving problem solving, 
scientific inquiry, scientific concepts, and pupil learnings ; (2) 
problems related to the curriculum; (8) problems related to 
teacher education, both preeervice and inservice; (4) trends in 
placement and allocation of science content and time allotment; 
(5) learning or teaching aids. 


A number of the studies were concerned with the different as- 
pects of problem solving. Carpenter contrasted pupil learning by 
way of a comparison of the familiar textbook-discussion method 
with that of the problem-solving method. He concluded that prob- 
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lem solving with the use of dassroom experimentation resulted in 

igher test scores ; and that, as a method, it was preferred by both 
teachers and pupils. 

nhiA™™’ uT € *’ and Ne<U em P hasi «*i the anecdotal record of 
chddren s behavior as a basis for determining growth, not only in 

problem solving, but also in the ability, through use of the problem- 
so ving method, to inquire and to organize inquiries and discoveries 
concepts and skills. Ramsey used a similar technique, that of 
sharing experiences, as recorded by the tape recorder, to discover 

fh!n^ Unger chlI J dren were more l^ely to share their experiences 
those m grades 4-6. The science experiences were then classi- 
fted according to the science incepts to which they contributed. 
Selson studied the development of . concepts in two areas of 

8 ° UDd - Ne<U 8tudied Procedures which 

ChUdren to utili2e inquiry methods. 

Jone* discovered through the development and use of the problem- 

^LanLTh .’ r68Ulting in the abilit y °f first-grade children to 
> ^ lea ™ lng8 into sira P le concepts, that the elemental' 
na thl8 grade leveI were not sufficiently challenging 

J ™ f? died Z 6 teaching to intermediate grade children of con- 
cepts of time and space relating to geographic time zones. He was 
wncerned ahoutthe problem of grade placement of these concepts 

" Uded hat ngid grade Placement of understandings abTut 
time and space is impossible, if not undesirable. 

Other studies in this group emphasized pupil inquiry, pupil 

latTth*' pupil interest in science. Bixler attempted to corre- 
ate the classroom teacher’s attitude towards science with the 

menhw °\ ^ f UpiI ®’ While Boyer compared scientific achieve- 

SteWished hv ^ PUP11S With Criteria of achievement 
" h d by ,6admg 80161106 locators. Neal was interested in 

i h0deV t Pn : ent ° f 8Clentific inquiry in children of elementary 
fhHd^ Pr€ ^ COmpared th ® Iearnings of American and German 
YOUnff ° 0ntrast6d le arnings of 3d- and 6th-grade 
children, boys as compared with girls, in the area of atomic energy 

fnrrf T d ^ televi8,on an important role in these extS- 

curncular learnings, particularly for boys. 

The use of the outdoors as a laboratory and learning tool was the 
y ^ She emP,0yed °* KhMl “ 
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Curriculum studio, varied, ranging from those analyzing exist- 
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ing curriculum guides to those developing new ones which empha- 
sise grade placement of important science topics. The advisability 
of integrating elementary science with other subjects was also 
explored. Bryant and C Holland examined the content of science 
guides or courses of study. They found little uniformity. Ashley 
emphasized integration of elementary science and found that learn- 
ing was improved when subjects were integrated. Botkin out- 
lined a guide to serve as an aid to teachers in New York City. 
Hone ana! vied State and city curriculums in order to determine the 
status of conservation education. 

Sr»WMM hi T *«*£»* I* 

The preservice and inservice preparation of teachers for ele- 
mentary science was an area of major emphasis for research. 
Examination of preservice and inservice courses across the country 
revealed little similarity. Studies by Berryessa and Tyndall at- 
tacked the problem by attempting to evaluate classroom science 
teaching in terms of the course taken by teachers while in college. 
Bryant evaluated curriculum guides in order to assay the science 
understandings expected of children and recommended that the 
understandings thus derived be part of the preservice training for 
teachers. 

Sostman demonstrated that inclusion of nutrition materials in 
the inservice education of teachers brought about an improvement 
in the eating habits and nutrition of the children they taught. 

Various methods were propounded for inservice assistance and 
training of teachers. One method was to prepare teaching aids 
elaborating on areas -in which teachers were generally deficient. 
Such studies undertaken by Branley in astronomy and by Caruso 
in oceanography could serve as a form of individual inservice as- 
sistance. Inservice training through workshops was utilized by 
Nelson and by Sims. In these two studies pupil gains were used as 
the criterion of the effectiveness of this method of teacher training. 

Guides or courses of study could be considered as another form of 
inservice assistance to teachers. The study by Nothin previously 
mentioned was based on the development of such a guide. Ashley 
and Kerr conducted studies showing how to utilize the consultant 
as an inservice aid. 

trtsik R*vmM ky W u S i t •! Idtnce OwW«« 

Trends revealed by research studies by Blanc, Low, and others 
indicated that science curriculum development now includes ele- 
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mentary school science, that the K-12 program is generally ac- 
cepted as an ideal and that guides or courses of study assist a 
science program by suggesting subject matter, science experiences, 
objectives, and principles. However, there seems to be little agree- 
ment as to grade level of specific science experiences. The study bv 
ChaUand indicates, that the textbook still serves for many teachers 
as the determining factor in choice of sequence of science topic 
She found that early elementary grades tend to integrate science 
to a greater extent than upper elementary grades, that there is 
usual.y a specific time allotment for science in the upper grade?, 
and that this time allotment averages two hours per week. 


Learning o, T*o thing A14t 

Learning or teaching aids have been previously mentioned as one 
method of assisting inservice programs by Branley, Caruso, Dun fee 
and Greenlee, Jones, and Nothin. Teaching aids also help the in- 

^ acher b y giving her information, and suggesting 
activities, scientific objectives, and principles to stress. This is 

particularly true in such areas as astronomy, geology, chemistry 
and physics. 

Young found that television can indirectly assist the classroom 
science program. Current televised science programs will doubtless 
be the basis for future research studies. 


Ottmr SteeHa; 

Garone reported research on the ability of children of superior 
mtelligaice to develop understandings, interpretations, and con- 
' £ ept8 ‘ Carpenter found that method of presentation had less in- 
fluence on the learning of students of high scholastic ability than 
on those of low scholastic ability. 

A study by Mallinson and Holmes of teachers’ ability to estimate 
reading difficulty of science materials concluded that readability 
formulae tend to be more consistent than estimates by either 
teachers or reading experts. 


Interpretation 

Examination of the research studies reveals existing deficiencies 
or areas of need for future research consideration. Some of these 
are the following: (1) criteria to determine adequacy of both 
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nreservice and inservice science courses ; (2) identification of ways 
by which children can transfer to home and community the skills 
and attitudes developed through problem-solving experiences ; (3) 
criteria to determine readiness of children at different grade levels 
for science experiences ; (4) better evaluative procedures for exist- 
ing elementary science programs ; (5) selection and development of 
science interests ; (6) a comparison of the adequacies of elementary 
science programs for girls as compared with boys; (7) a compari- 
son of the emphasis on a few science areas and principles at each 
grade level with the emphasis on many science areas and principles 
repeatedly covered in each grade; (8) the reasons for diminishing 
science interests of children as they progress through school and 
into college ; (9) means of evaluating children’s growth in problem- 
solving skills; (10) evaluation of televised science programs. 

A few of the studies deal with children’s science learnings in 
relation to the total learning situation in the classroom. That is, 
observations were made of the growth of children’s science skills 
and knowledge in situations where science learning opportunities 
were not limited to’a brief specific science instruction period. They 
give attention to a wide range of factors which are important if 
the objectives of science teaching are to be achieved. Such research 
may seem unwieldy, but it points up the importance of supporting 
procedures and practices that will unify, rather than fragment, the 
science learnings of children. 

With only limited resources and time, most graduate students 
find it difficult to study the many factors that may influence 
children’s learnings throughout a week, a month, or a year. It is 
almost impossible to make continuous longitudinal studies of 
children’s changing attitudes, skills, and knowledge. Yet such 
studies are badly needed. 

The evidence is growing that a problem-solving, inquiry -oriented 
approach to science teaching enables children not only to learn the 
skills of investigation, but also to gain a greater understanding of 
science concepts. Longitudinal studies would givAus a further 
basis for; judging the soundness of this inference. ^Sven this one 
conclusion, if applied generally by elementary teachers, would 
redirect science teaching significantly from a limited, fact-learning, 
reading approach to an inquiry-centered approach. This, in the 
view of many scientists and science educators, is the direction 
which science teaching should take. 
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bad as orpo^tostly to pajt^psto to o«t 4 ott 
K i^ff Mpsrtos^a Cl) T- mtis w ba. 
ud# irf aMIWd rw^rr# 
ef outboM acknr# tip#rl«M C • > Tbs 
camp parOrtparto aboarsd #t idmrs srf grawlfe 
i» SB apprsrialtoo of lb# inter rtoattooaMps af 

BTin. t kings sod af ib# l^ultos M 4a 

%#4 p#4 kto^rtodvs and >Mli rstotod to outdoor 
a eieor s a»4 oei<k»or riblbltsd dssirabb 

attttudm toward ^rb nattosrrsikm pr^ 

tmmd am to wbtob ibstr tsdir^^J sbllk 


Gabon*, John E, Acquiring Knowl- 
edge and Attaining Understanding of 
Children's Scientific Concept Develop- 
ment. 

Majer A*riir .— WlBaM J J m»Bw 
PraWaa*- — Ta pra^at **4 IDuaUaU a s«Mf*l 
a p V roacii to chlidrCT 1 * aatoatt&f 

■Mat ke itn 4 r «M xemjritt <rf 

IntarpraUtkma, a»4 probia 
n mfcw» — Twnt}->iM IM»-ll-ji»r oM A#- 
dree ad .upartor lii i i Wsaiine wara teetodad ta tka 
•tody. Anaedcrtaf neorda ad thrlr 



(4) Tta a^eol 
ratae to the f a rtirr ta be*p(a« 
eaa ta wfciafc tedtridwi 
and ta vfctab attain 
4 tka proBtama af i*ta« 
fssaibls to soutbsr 
_ _ sms posslbb to b**# 

or*»i.tiatioe wkiek .natat a taad 






ft n sifted 


'“T 

HON*, Eijiabeth. An Anaiysi* 
Conservation Education in Cu/rku) 
for Orkdee K-ll 

Ma>ar AANaar.— «ta«eed C N*0. 

ProbUm — To toeaetlsato aaaaa ad tka 

----- 1 A ' 

tie* ertth 
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- Prtotad of tS . ^ .. 

vto** n»d tka tort. .r>d toata W to »*! ‘ . >rw - ^Wrte* • “**•»« L 

ii» i mti * k ** ^ tr>d <*> d Lffmrtmmm of ^ 

IT rP °“ Um^k kirk .„>•*.*<.«*, ‘ ATOark 

•cb,*al «n a&rtraad Data vara ukukW a. . 

cant* am to — ■ **“ T *** ok ii 4 rae .too r^ud eartoia auitadaa Moat 

T* “* to erf ao.arpt. ad tv.r^^u,* .irrtftaaaU, h a fosad tk.4 -k- «mu nT 

• l-r, erf ..we-to *k» tka ftarftac »* UOo . 4***^ JT " 

<*f Uv aarrtoehu. atad, to 7 od tka 11 an*. tk« .., n ;[ ‘ ’ < *** 

oa*mr*A Hr * COArtlo* *Alr« *rr,t tfwa 

r*U.m<<. toor. n,«»« , . u* a^lartaj KjC», ElJLAKTH PEKNrr, The RoS« *f 

fr« , 4 tola lk.« froa. Hvy ackooi .a***, tb . the CofltulUnt tn Elementary Science 

^*to, fumtokad —a |TM :aJ ik. 0 «paat». ter- M arar Arfvtoar ^OaraM Cato 

^ L“ ‘ ^ To «Ua ika raaaOoM 

erf ~^-| aod ,.._.^a ■"* ,tMl ~^ hM<j * f;i fwi^alWlHia. erf tk. aaaaaitoat ta -e-a,,- 

r_*™ kMtoartto. adMtto. torr aatoaar 

tW **“r.aUt» vaa to^rk, ■«* fn^waUr t. ^ . 

rradaa « tkroark I OttoM-rattoe aa. a^d»» * W *“'“ ** * r ‘ >r,to Oflktow W aWmantar, 

rvnnaarneadad aa a a^a^t. .uktort j* •* **,' ° ; ‘** ,llU * to tad atkar adi mrlnaal toadm 

fra ju a n U, aaaoetotod »,ik -r^rari al tka aka- **"[ * * rmr Mrl “* *•■ ■■ *« >• iWalM tk. 
Matorr Wrai and a-ttk aearfaj .ludiaa al tk. daalt Aoatkjoa. twAMnm and raa TmmOlmim trf cW 

»daj7 Waal C. ■■>» » . at Wr, .a , ^ aviator, artoa» cv»uh*t«a 

•vnlad aaalai, * , |nUa M 

raniuioa E rk aaia aa n naai - » ' >—n arfvtoUaa ^WHUaa «rf tka aumaaaful aiamaiilai, WBa . 

f°«»d to ka aaatoS aa raa.wakta ^ka ftdkrala# i ( | ) Ldkaa ekildrae and 

*t>tira tkatr ae»pantonaklp (I) Om - 1 ■ l(J *g 

^* >U H - • ^ baak«Tve »4 to ari- 

aaaoikattoa to vartkakO. raha aad kakartoiT 

ill £* witting to rfirai tins# - , - rwi< 
r^ir«MMklp« «M Vt£ «« A ftikad 
•'***»- <•) PitotoMto ~ a^lito mi L r - ift n^ *u , • . 

JoNEH f Mill Eujcrr A Study of tK^ Hiwiw to tu rd>mi to 

Poaaihle I^amirxg Rkaultln* from Soi 11 ' *• W.ad!» g ^ 

«*y» Kx pertmen UUon by • CLem of <‘i H^b*adrv»«t^ 

I^rnt -I'.rm Am nkiM™. vnrtato wilkta a aakoai and UBOM arkocto vRkla 


rtorfK^. Aawaa «ka okaiartortottoa aad raa^*» 



^*uy km rmAmtl+mi 

^ rw 

at anrkaala aa f*a.akW raaaaraaa oat, 

kaa 11 ttia rrfkUa a a to r to t ka 

•* • iaduatrtallaad aactot. 


Inr»t-CrnJ« Children 

^totoaaa- Ta to vast ia a to aad datonaiaa tka 
k-ra^a ^.lrad k, tm^ra*. .kUdnan fra. 
• krarfraa I 

* a a c d a t ai raaarto ad tka ekUrfraa'a 

Ne a r»r. »« H*to -tok. kr tka cia* a. . 

r^eori^ »nd ttotrwd. Aa ai 

ujr 



* O^rrU. aa tto^kto rrrnrmm 

U a 4 «u^. tb« »to 4 y r**to aa^ r a^ to— far 
«luaUat a actoaov pna»ra« iM few mM N 
atotortok few aa -*rmai in, < 





M tb# firvUgrmA# fe*d can 
fpaa tififitirnTititkiii to t ka r t,-, 

» .-1 

Tka ckfMran ,ataad tka fodWvtar 
■ t (II Iipertitartaliai b a at, ad 

°® t - (*) Aa aa part mot emetota of to* 

axparlstoata aatot m 

troto 

U toMtttok. tka akOdraa ratoad ^{Ik toi 
^Bla*. aad aarti 

(» 

(II 

■to. ( 4 ) 

“* * »«totokl •Itaattoa. (!) 
^ ^to •< tka «x kart Met ka tka 
(!) trereiaing tka rirkt ta -*- — n I 


^ ^tunson, Gboagi Guiskn m*d 
Boha H. Hoi.idsa A Study of the Abil- 
ity of Teacher* to Eetirtmt* the Reeding 
DiflVulty of Mkterlal* for Elementary 
Science. 

/N aMaax— Ta datormtoa wkatkar tka 
■•■to ad tka raadlar diArult, ad aartala 

tka.r toUao.Ua ke raadlar »»arta~^d 
•to ta aepport or a ar a ta tka 




MSRABCH school scfKNCB 


S3 


tto «f rMttfti tmr 


Tto mmmm r m m or- to mmm hr •— *» <* 

r^ttsuf torreiito f»r irf fli'fci lL 1* 



„• i mrr ti 1} nmMimm f #mriito to 1 • to* 

neftAii^ « » prr'tft. *.• to«riL At*4 •«* *n*tMT 

c f IffiWk H imiar r tto* tto «■*• 

of f r * » *■ < >>? It ; a mrto'% 4 few UN* 

rm*Mme MmmmMf mi tW* to«T Mm toftttoito 

Neal* Lwi« A Tf'fhfijqwi L-r ito- 

rclopint Mrth *U of Sekmtiik Inquiry 
\n ChildrM in Grmdm 1=4L 

p^4d*m — To m rtmmpt m totarmbt fctoyat.to 
m*toto «* Mm* M^iry to AOtomm ia fr*te 


Or a*r» 


wrt»r <j*d t*4 to p mi»m tito ffrwtrto 

i * .to «Wktr«* to tto to » 

Mttoto of »r«rr 0*: to#«try, to &*4 


*«*-* «©****«<* «r ***• 

Tto todtoifMi tt*# ■toL 



* «*>;** tac mi l to*r iMtirtotob, 

Tto Uakfeto*— ftto r ratoina r^ m ) u >ito 

ft ©f tto ftbQAMsrft »rttoftft 

tppctsftat ftfc4 «Tftftito* <l| r ftft ft I *T . *a4 iknrs^il ato 

uc&s* fc*4 A— r ra tto rr «f fir*«rt toto*wi 

• kKb «* iM toatitobto to w-Hl tto 

a,bUfty to «m tto Mtoto ef ftAHOto to*** nr 




&mm to to4e4 ito*«s4 luvt 
to yNttttfi rtoto py roto 



NHaOM, PftAJU Amrnx Th* Acquisi- 
tion of OoneepU of Light and Sound is 
the iBtarmodiate Grade* 

M ft tor ,4krift***. - Jdto 0. Eaa4 

frtUrto-fi to ytlgutft tto tobneto* of gste 


ul# mmHmpU ^md l» tto arim# «4 ttrM 

**4 ftmito l » to^=w«toto |f^ 

Prw^m-4i tto toa^ 

met «■ Ha* > ; #V ft to ft ito » » #^ t» 

to aMwrtela tto 

Mmh ’.Jilt fcfci ww» it* 

bj^4 ftftot . u ia-t ^ ‘to K^tot «to tto #«to» 

i* ra rtu: TI W tto tftto pft#- 

Mptlto to tto #to€f ^rtoi * *A<‘i « t* tto 

pm^Qi 



imMfwT^ itor tom l^i ft ?*-f toto J tot bto to 
tto tonm Tto 1 . 1 * m* toto 

Sf-ti W M fct f« *» toiftft M*'* 


NoTEiw, Jp^JMi, EipftrktfM* to 1 m- 
plrtocni iJto Gourw of Rti^f in 
for Xhm Kli«A«tAry Sc^ou in N#w 
Yori Cl It , lin^rr^rt^ ihroogfc Gr*6t> 
8Ijl 

WUtoi J Ji 

£ -v iKfm — fa Ar^r^-ry • 

Ito City toto^to «f 

Pto^ |g artofcaa !to pmr^am *to to i ' * 

a# in itofiftriM ta ^v^rto to* ktfetof- 

ftltf* %M r I.j,*i ff ftdf 4, T ' “f ' T fc-e’^to I 

r— — tftbftito, to M«p, 

totrto^lp, ft.to toamlft 

f»»totoi — F 1 1 c 1 1 ft e<» *„*■; f t it tot 

^ «to xta i n;: r- ^ 

»,>m: ? tto frM totes# 

for toton. vtol* i*ttor» 
tie# 4evato*»to by tto • tf.tor ft fcpb 
ttt to stoto*v* «~ 

^-Tkte to^to *W wtl Mtot 

tftTf ! wr t Krrf mtik mirntr? to 

to to tottoir ttoftrorr^ 

PutarroN, H4i#H C A C^p^rimm ai 

Knowi^^e of D traction in German and 

in American Chiidrm, 

-fti totortor* wtotto? «r M rtbartoto 




iiM tottiRi inaa 

ttoif afinyto «tor m0bm ¥ *-rr* ui*©^ to * 
ntoo M^rk «f 4« totorrmto ptipili to H*j»* 
Itoi, O^ftftay, « ^totor r*e> mi Ml *to 

KTfttoi to rfeftatoto^ Mto toJU«r* Hatf <rf 

tto thitenm & toto ftftton^iantoi tofttoM to tto 
iitsto a w to tto to|MU tt pftJWE t m 
to tto tomm tf porant trrto r«r*H to tofc 

Htotrto* tofltoi ) . 
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wp*. AfltnUtf #h©w#d ooasieteatte higher 

memm by Hr American eWMm. Th#*-' . 

t kowvff, wm not ipprMT«h 

T%k Nite the often ac^i^ —VrrT-Tr* toct. 
Aairletg ekikhwii are adiseattoiiaQy tn f ^fae to 
those of iemNag fwmir ^- 

MmmF bright A ^mifta *ft4 German dhiklren in 
cr»4e I vwiAm tte do sol km«m m mnm mt dfrwo. 
t»aal rdetomehfpa ThU J, jrmb- 

ah^r in both r?rs striae. with tb# rmoft 

that oUMrai itt ikttet Into the ts# sf dfreeiior. 
•jmbolMm with InadtefnAto p^p*rmtlon« 

RAwnry, Irvin List. Children's Con- 
tributions in Sharing Experience* and 
Their Potentialities for the Elementary 
Science Program, 

Prgif»_— To rasorl and ans.tys a rl^erfisw *t , 

periumas of children in gmAm % 4, and # tn ordwr 
to ftnd thai- p?teatiai ter the *^s^atory «r le ae o 
progtwffL- 

Precerfaren — A asplinf of the oral re porl o nn4 
aesvciwarien* of lit ehfMr»o tn grades f ¥ A ,-od § 
* er ’ 6 per n read during their ffT°rhnn> iher 

in# titpa, The recordings wore analysed to ai scovs a 
the freqrtMmQF nith which e < perienem reports 
Tlf4 to sdaaee topi m ta4 principle#. 

P#fidmgW“A wid* ▼mriefcy eyp a rL 

wtrt dmcribad by toe children. Fer 
pie, they mentioned tripe, #ossj#«jftI#giJ« *.#?:*-.* s- 
tioa racr-catom, an# ex per »*«**• with animals, 
'Utoagh the ehUdrea mentioned experiences with 
enimaa meet frequently of ai single topics, they 
tonded to ta Ik Um about btotogtool-eeienoe torn** 
In ranoraJ tons they did shoot phfsleakeeteao* 
toplca. The children did mention any arier.ee 
principles as such. The Investigator. bowstor, 
identiftod 194 Selene# mmmpu and »T« arfetie# 
ehim relate I# IT tottft m 

SrMS, Ward L. The D«?elopmait and 
Evaluation of an Inserrie# Education 
Program in Elementary Science, 

To develop and wrahtat# ta inserrice 
science program for elcmenter/ teachers. 

Preccdarea — A scries of meetings was conducted 
to Provide information and amtotas** to 
teachcra, Their psiiteipifctea wms vohntoy. At 
^ch meeting one or mors too©*! topios pertaining 
to sciea e e to the el e men tary school was dtoeoseed, 
and demofietratfons were riven. Pupils of to* 
participating teachers, as well as pnpfis of non- 
participating te a chers , were tested at tetermto 
m were the teachers. Control*. pwrtiei paring 
rlaesm, end tee s h i r s were matched. Both pro- 
toita and poet-teaU were given. 

PfcwKnps.—Popiki to the experimental dames 
•^to^ed significantly more on toe pot teats. 

Sostman, Bona Ruth. An Evalua- 
tion of the Methods, Techniques, and 


Findings Used During m Stx-Yagtr Nu- 
trition Education Program in a City 
School. 

Mmjor Adviser. Ciars Mm Tarter. 

^ T o krtag abont ini#r#wpise®§ In ahii- 
drrfb^food hahHw to tapww th dr health ( *p 
peeranew, growth. ngd general alertaem), hum! to 
hrtinr '.bout flnrrtonto* change ©a ■ ^ m 

i?v. erv?rs ivarher ^tteaetor* prepm 

Prwtow«e.=-Achetos is Ito p^to Wo-® ^tton 
of N«w Torfe Cite mriMAmM, Ahert tt 
of the mr^m n&k* tmiw SpwOsto A netefttos 
progiam wm htigtin.^ In toe eteso 
rootti w - part the ?wgtoar .nirriratom. Ineer - ■ 
toe ftorkshape far tsacheri gave them to* 
a ermta ry h^kgrannd is anteftton, Meeriti^ w#r< 
h^d with tiivtta to give tom totornfl— 
mrmrnm aad 

rim4mg*.=~A d^nito inar^^ occ n rr ^ in th« 
Bnmber nf toOdfen eating hrcaAfaat. T%# break 
fast paaarm imprfr?mi and parries psttoe is the 
•ehool lunch prsgram torrsneef tfo^t U ptrnegf 
to 41 p errant. KftMitot diifrrmees appearmi la 
grwth pattern# of to# pwrlieipating childr^ 
m wjmpwmd with theee of -InU 

dm in sthmr ntmitof «e<-tiag 

Tindall, Parker, The Teach- 

ing of Science in El^rata^ Schools by 
Recent Graduates of Atlantic Christian 
College mm Ralat«i to Their Science 

Prepars tiog. 

MsMr Admm r.— Akysc Balnea, 

Pr&hUm.— To Invearigste ssmI wraJuiite the tetone# 
treking of recent ctom^fgry fiwhgtM ^ At* 
Isstlc Christ fan Collet a»d to exawds# the 
pswram provided *t the dltft ter pnspMUvt 

ateas«itary fr ae h er ^ ^ 

P rre#j hi r*i - An obaenrauoo eheeh toy bb Inter- 
view checklist, aad a qomdkmmmm wmm developed 
and vmfi4at#d a* s for (1) evatearimg 

arien» teoehlsg practices ®f 4# rismsetary toch- 
er* races tly graduated from Atemto Christ! sn 
Ctollfge, and <|) determlaisg the a chievem ent ©f 
these teachers is high school ma d eoDtga teiese# 
esuraes Fiw basic QUmtissn ware explored • 
What part of collage hel ps d you Is carrying o*t 
a oriense pmgrasa t What mtparimem Is safcmw 
would ha-?# helped yon? What maer iee expevi- 
fear.- ^#n hrntpmj Wbwt esperimast*. 
have tecs helpful t Hew twpoitaa do fm thick 
e rie s es to in th# ei emesta ry sdhoelt 
Th# chi-squsr# was used to detenafoe the r#!#- 
tiosahip of t ea ching to strengths and ttiItmh 
fa the aoOega aeSeoee p repara tsos of toe alma as- 
tary teachers. 

IHsdfsg*.— T^ e lemen tary leathers were judged 

satisfactory In r ela ti o n to sine criteria of good 
teaching. For example I They otUftaa storage 
gps^ In as orderly manner. They rmpeet, give 
psreonai attcsHos to, and rrtjey working with 
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children, They encourage investigation la solv- 
ing problems, aid children is arriving at tentative 
-ondusiona. The teachers war* judged unaatis- 
f * C iory la relation to tlx criteria of good te a ching . 
For example : They lack aa understanding of the 
importance of a laboratory-like classroom for 
teaching science. They do not encourage children 
to see the relationship between the physical and 
biological sciences, nor do they help children un- 
derstand inclusive scientific principles. 

There waa a high degree of relationship between 
grade* made on science course* and performance 
.» elementary teacher* of science. There waa no 
H gnifleant relationship between course* taken and 
the quality of science teaching, nor eny between 
teachers with or without tr, service experience* 
sod the quality of their science teaching. 

Young, Doris. Atomic Energy Con- 
cepts of Children in Third and Sixth 

Grades, 

/VodUm “To a ns lyse the atomic energy concepts 


of $d- and fling rade children through interview* 
and questionnaires. 

Procedure*. — -Seventy-five Sd-grade children were 
inter vie wed about the subject of atomic energy. 
A guide sheet, pictures, and diagram* were used. 
The mine information was solicited from #8 6tb- 
grade children by mean* of a questionnaire con- 
taining pictures and diagrams. Tim children were 
questioned regarding the source* of their infor- 
mation. Response* for both grades were scored 
by identifying three level* of response for each 
question. 

Pmdiaps.— The investigation indicated that many 
Id- and itb-grade children have developed con- 
cepts of atomic structure and the use of atomic 
energy, and at least a fourth of both group* were 
ready to pursue further study. The girls showed 
less understanding of atomic energy than did the 
boys. Television was the main source of infor- 
mation. There eras a wide range of individual 
difference* in res dine— for science and in miscon- 
ception*. 


A List of the Studies 


Ashley, Tracy Hollis. The Develop- 
ment of A Science Program in the Ele- 
mentary School. (Unpublished disserta- 
tion for the Ed.D. degree, Teachers 
College, Columbia University, 1968.) 

Berryessa, Max J. Factors Contrib- 
uting to the Competency of Elementary 
Teachers in Teaching Science. (Unpub- 
lished dissertation for the Ed.D. degree, 
Stanford University, 1969.) 

Bixler, James Edward. The Effect of 
Teacher Attitude on Elementary Chil- 
dren's Science Information and Science 
Attitude. (Unpublished dissertation for 
the Ph.D. degree, Stanford University, 
1967.) 

Blanc, Sam S. and John Low. An 
Analysis of Selected Science Guides, 
Grades K-9. (Mimeograph, Division of 
Instructional Service, Denver Public 
Schools, 1968.) 

and other*. Summary of Re- 
cent Trends in Science Education, 
(Mimeograph, Division of Instructional 
Service, Denver Public Schools, 1967.) 

Boyer, Donald Allen. A Coopera- 
tive Study of the Science Achievement 
of Pupils in Elementary Schools. Sci- 
ence Education, 89:8-12, February* 
1966. 

Branlet, Franklyn. Astronomy for 
the Elementary School Teacher. (Un- 
published doctoral dissertation, Teach- 
ers College, Columbia University, 1967.) 

Bryant, Paul Payne. Science Un- 
derstandings Considered Important for 
Children and the Science Required of 
Elementary Teachers. (Unpublished dis- 
sertation for the Ed.D. degr^, George 
Peabody College for Teachers, I960. 
Also in Diaoertation Abttraetg, XX: 
960? 1969.) 


Carpenter, Regan. A Study of the 
Effectiveness of the Problem Solving 
Method and the Textbook-Discussion 
Method in Elementary Science Instruc- 
tion. (Unpublished dissertation for the 
Ed.D. degree. University of Colorado, 
1968. Also in Dinntrtation A bg tract! 
XX: 2647, 1969.) 

Caruso, Mary L. An Ocean Geog- 
raphy for Children. (Unpublished doc- 
toral dissertation, Teachers College, 
Columbia University, 1967.) 

Challand, Helen J. An Appraisal of 
Elementary School Science Instruction 
in the State of Illinois. (Unpublished 
doctoral dissertation, Northwestern 
University, 1958.) 

Davis, Ozro Luke, Jr. Learning 
About Time Zones: An Experiment in 
the Development of Certain Time and 
Space Concepts. (Unpublished doctoral 
dissertation, George Peabody College for 
Teachers, 1968.) 

Dun pee, Maxine and Julian Green- 
lee. Elementary School Science: Re- 
search, Theory and Practice. Associa- 
tion for Supervision and Curriculum 
Development, National Educational As- 
sociation. Washington: The Association, 

1967. 67 p. 

Garone, John E. Acquiring Knowl- 
edge and Attaining Understanding of 
Children’s Scientific Concept Develop- 
ment ( Unpublished dissertation for the 
Ed.D. degree. Teachers College, Colum- 
bia University, 1968.) 

Grin nell, Ramon L. A Series of Re- 
source Units on the Conservation of 
Natural Resources for the Fifth Grade 
Level (Unpublished thesis for the M.A. 
degree. University of Washington. 

1968. ) 
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Hollenbeck, E. Irene. A Report of 
an Oregon Camp With Program Em- 
phasis Upon Outdoor Science Experi- 
ences. (Unpublished dissertation for the 
Ed.D. degree. University of Colorado, 
1958 .) 

Hone, Elizabeth. An Analysis of 
Conservation Education in Curriculum 
for Grades K-12. (Unpublished dis- 
sertation for the Ed.D. degree, Univer- 
sity of Southern California, 1959.) 

Hubmll, Lawrence. An Investiga- 
tion in the Use of the Filmstrip Method, 
The Pupil-Activity Method, and the 
Textbook Method in Presenting Con- 
cepts to Eighth Grade Pupils. (Unpub- 
lished doctoral dissertation, Northwest- 
ern University, 1957.) 

Jackson, Joseph. A Comparison of 
Achievement on a Test of Gardening 
Practices Between Students Who Have 
Had Summer Gardening, Those Who 
Have Had None, as Weil As Between 
Students Who Have Had Only the 
Classroom Preparation but not the 
Summer Follefrup. ( Mimeograph, Bul- 
letin No. 577, Department of Testing 
and Instructional Research, Dearborn 
Public Schools, 1958.) 

and George Stutevillr. A 

Summary of Parental Responses Re- 
garding the Attainment of Objectives 
of the Summer Gardening Program. 
(Mimeograph, Bulletin No. 565 De- 
partment of Testing and Instructional 
Research, Dearborn, Michigan, Public 
Schools, 1958.) 

. Summary of Teacher 

Opinion Relating to Certain Outcomes 
of the School Gardening Program. 
4 ( Mimeograph, Bulletin No. 576, De- 
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Research Studies In Secondary School Science 


Introduction 

T HIS SECTION contains abstracts from 40 of the 67 studies on 
secondary school science reviewed bv the committee and a 
complete list of all these studies. 1 


Analysis 

The studies reported here were classified in four broad groups : 
(1) programs, (2) the teaching process, (3) learning, interests, 
and attitudes, and (4) the teacher. No brief is offered for the 
categories. It was difficult to avoid an element of arbitrariness in 
the selection of the categories and the distribution of the studies 
among them, since several studies had more than a single problem 
and it was thought desirable to reduce the number of categories to 
a minimum. The present state of research in science education 
makes it difficult to apply research criteria vigorously to the selec- 
tion of studies to be included in a summary review. Inevitably, a 
greater degree of uncertainty enters into the selection process than 
is desirable. 


About 40 percent of the studies included in this review were 

related in one way or another to the science program and its de- 
/ velopment In the secondary school. Several were concerned with 
content and its organization for teaching purposes. Stone and 
Pierce, with the help of a group of interested and competent 
teachers, worked out elaborate courses of study in biology and 
chemistry respectively, which stressed the inclusion of new findings 
from scientific investigations and the conceptual unit of each of 
the two fields. 

Seeking to find out what should be taught about nuclear energy 

1 Am— nrmit tor aaeh b alpbabatiaal by author, tba ibbub Marti— «■».(• —4 tha 
oompteU ttvt 9BP.94. 
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in the high school, Atkinson developed a list of principles of nuclear 
energy (ranked in order of importance) and a validated test for 
evaluating the teaching of these principles. Tyrell, using a large 
group of biology teachers, ascertained their opinions as to the most 
important areas in high school biology and the achievement of their 
students in these same areas. He reported that the average score 
ot the students taking the test was less than 60 percent In an 
attempt to assess the effectiveness of the science and mathematics 
work m vocational instruction programs. Shoemaker sent out a list 
of science and mathematics principles to on-the-job supervisors 
who were asked to judge whether or not the high school graduates 
under their supervision understood these principles and were able 
to apply them to their jobs. Finding that the high school instruc- 
tion apparently had not been adequate, he recommended revision 
of plans for vocational instruction. 

A checklist of physiology topics was submitted by Henderson to 
relatively large groups of students, teachers, and parents and to a 
small group of physicians for their evaluation as to potential in- 
terest and importance. He discovered that teachers and parents 
were better judges of students’ interests than were physicians, that 
parents felt sex education should be part of the school program, 
and thatstudenta were more interested in practical than theoretical 
information. Seeking to improve the selection of supplementary 
reading^ materials for the gifted high school student, Barnes and 
others developed a list of 28 criteria which were submitted to s 
group of respondents for their evaluation. These respondents rec- 
ommended that the list of 12 criteria should be used by teachers, 

parents, and others to upgrade the reading level of gifted high 
school students. 

A comparison of current objectives and content in high school 

biology with those prevailing 40 and 80 years ago was reported 
by Howard. He found that purely factual information objectives 
were largely replaced during the period studied by functional in- 
formation objective, and that mental discipline and religious 
objectives had disappeared from current texts and courses of study 
in high school biology. In an investigation of the advantages and 
disadvantages of offering biology at the 9th grade and physical 
science at the 10th grade In two schools, Heidgsrd reported that 
achievement in biology for 9th-grade groups was somewhat in- 
fenor to that in schools where biology was taught in the 10th 
grade ; but when adjustment was made for mental age, achievement 
wra about as good as would be predicted. Achievement in physical 
science was found to be high in the experimental groups. 
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Schenberg analyzed the records o f 27,756 seniors in 55 academic 
high schools in New York City. He concluded : (1) Guidance and 
testing programs were needed to identify interests and aptitudes 
of gifted pupils. (2) Homogeneous grouping of specially interested 
and gifted science and mathematics students should be established. 
(31 Increased attention should be given to the possibilities in 
science careers for girls. (4) Three years each of science and math- 
ematics should be required of college preparatory student#, (5) A 
well-trained core of teachers was needed for these students. 

Roper reportj^on the nature and scope of the utilization of 
industry-sponsdaS* teaching materials in Colorado high school 
chemistry courser 

The activities of science supervisors and State agencies, and 
surveys of curricular and teaching practices, attracted several in- 
vestigators during the period under review. Using survey, jury, 
and statistical techniques, Lee investigated the relationship be- 
tween the rank order of importance of supervisory activities as 
judged by a jury of experts, and the actual practices reported by a 
selected group of State and local science supervisors. The Co- 
efficients of correlation between the jury rankings and frequency 
of practice were moderate for both State and local supervisors. 
Interestingly, the category with the lowest ranking in practice was 
research. 


In a study of critical areas in the science programs of Negro 
schools in Louisiana, Rand and BraztiU recommended that learning 
opportunities in the physical sciences should be increased, that 
science facilities should be expanded, and that* a systematic and 
continuous attempt should be made to encourage students to take 
science courses and to choose careers in science and technology. 

A study of the status of science teaching in the United States 
was undertaken by the Research Division of the National Educa- 
tion Association. The data in this study were provided by lj&76 
questionnaires completed by principals and science and mathX 
mattes teachers. An analysis of the data obtained showed : (1) 
In general, mathematics and science teachers of large secondary 
schools are better prepared and more likely to be teaching their 
subjects full time than are their counterparts in small schools. 
More than three out of four of the mathematics teachers are teach- 
ing their particular subject full time. About 82 percent of the 
mathematics teachers and 98 percent of the science teachers in 
large high schools have had at least 20 hours of college study in 
their respective fields. (2) Nearly a quarter of the sample in all 
three categories of schools had bwapen three and four years of 
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both mathematics and science. Large high schools have added new 
science courses at a rapid rate. The rate of adoption of new courses 
has increased somewhat in medium and small high schools, it has 
increased less rapidly there than in large high schools. Again, 
large high schools showed their superiority in science teaching, and 
the adequacy of facilities and equipment in these schools seemed 
to be in proportion to the enrollment. (8) In the opinion of the 
administrators, teachers need to obtain up-to-date knowledge of 
the field they are teaching. Here again, principals of large second- 
ary schools stress this need more than do principals of small and 
medium-size ones. 


T#octkii*f 

The teaching process is a major concern and responsibility of 
the science teacher and an object of frequent criticism by many 
people both inside and outside the formal school. The improvement 
of science teaching has always been a major goal of science edu- 
cators, although the relatively few studies available for inclusion 
in this review seem to indicate a lessening of interest in studies 
focused on the teaching-learning process than was the case in 
former years. 

In a comparison of the inductive and deductive methods of 
teaching high school chemistry involving a relatively large group 
of students and teachers, Sister Ernestine Marie found that in- 
ductively taught classes showed significant superiority over deduc- 
tively taught classes in achievement for the year’s work as a whole 
and also for a special unit on the balancing of chemical equations. 
The use of reflective thinking in high school chemistry was com- 
prehensively explored by Fonsworth and further studied by 
Newman, who compared the effectiveness of three teaching ap- 
proaches in biology. 

During the last 10 years there has been an accelerated emphasis 
in science education on the use of teaching aids, particularly the 
motion picture and television. A few studies were reported for the 
period under review. Gar side, working with 60 physics classes in 
Wisconsin, made a comprehensive study of the infln«nce of the 
"White Physics Films” on learning in mechanics and heat He 
found that the level of achievement of students of high and low 
intelligence respectively in the experimental (film) group was no t 
significantly different from that of comparable students in the 
control (nonfilm) group, but there was significant difference in the 
level of retention, favoring the control group. 
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In a study of the effect of a special motion picture on the learning 
of biological principles related to the control of poliomyelitis and 
on attitude* toward the National Foundation and the March of 
Dimes, Bichle.r found that the use of the film produced no significant 
difference in changed understandings and attitudes from those 
achieved in comparable groups where the film was not used. 

Sckulman investigated the relative effects of positive and nega- 
tive introductory sequences inserted in a selected instructional film 
on the immediate and delayed recall of factual information learned 
from the film by two similar groups of pupils in 9th-grade general 
science. By means of appropriate testing techniques, he discovered 
that the group viewing the film with positive introductory sequence 
did better on immediate recall tests than those groups viewing the 
film with the negative introductory sequence. On delayed recall 
tests, the relative achievement of the group* was reversed. Students 
with average intelligence (the middle group) profited most from 
the film, irrespective of the type of introduction. 

In a study of the effect of television instruction on achievement 
in high school physics, Ertgelhart found that students with I.Q.'s 
above 120 and below 100 profited relatively more from the usual 
methods of instruction without television. He concluded that both 
the fast and alow groups need the stimulation and guidance of the 
teachers and that it may be possible to develop adequate television 
instruction for the average students who are more interested in 
the cultural than the technical value of physics. 

Champa , studying the potential of television in developing 
science understandings and interests in 800 9th -grade pupils, found 
that gains were significantly greater (at the .01 level) for all three 
groups, with the conventional group gaining the most A year 
later more students from the television and motion picture groups 
than from the conventional group were continuing to take science. 
In a study by Hubbard, involving the effect of television on teach- 
ing science, one group of physics students was taught by television 
alone, another by television supplemented fay direct teaching, and 
the third by the same teachers using conventional classroom tech- 
niques. He found that there was no statistically significant su- 
periority in any of the teaching methods and that no one teaching 
method was better for any one scholastic ability level 

t - » — - — *■ - — -S a 

A substantial portion of the studies reviewed were related in 
one way or another to learning, interests, achievement, aptitudes. 
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or attitudes. This fact is significant, since such studies are of great 
importance in giving direction to the creation of effective science 
education programs. Rosenberg investigated the ability of 8th- 
grade pupils to indicate understandings of three simple machines 
>y means of a test devised to observe the responses of selected 
pupils on the relationships of the lever, wheel and axle, and pullev 
I he resulU were correlated with sex, I.Q., and certain aptitude 
scores. He observed that, according to the tests, bovs and girls 
were equally capable on the test and that the greatest difficulty 
was encountered in expressing relationships involving the pullev, 
the pupils seemed to discover relationships concerning these 
machines through a wide variety of approaches as they progressed 
in the test 

brankel investigate! causes for the differences in scholastic 
performance of achieving and underachieving bovs of equivalent 
intellectual ability at the Bronx High School of Science. He showed 
that the achievers demonstrated greater aptitude in the verbal and 
mathematical areas and greater interest in mathematics and 
science than was true for the underachievers. As a group, the hoys 
with poor achievement records expressed more negative feeling* 
toward school in terms of less participation in extracurricular 
activities, poorer attendance, and more disciplinary offenses than 

was found for the comparable group who were doing well In their 
school studies. 

Using analysis of variance and the chi-square t^st of normality. 
Porter and Anderson studied the achievement in^ehemistry of a 
selected group of students in order to determine the relationship 
of specified abilities in chemistry to each other and to intelligence. 
They discovered that although there was a consistent decrease in 
overall achievement as measured by a standardised test from the 
top intellectual group to the lowest, this did not always hold true 
when the same groups were compared on the basis of their achieve- 
ment on specific abilities identified in the test 

Using specially constructed tests in mathematics and science, 
McCutcheon compared the achievement of 8th-grade students in 
mathematics and science with the organization of the school, grade 
enrollments, and certain pupil and teacher factors in Minnesota 
public schools. He concluded that an important factor in predict- 
ing success in advanced standing high school physics would be a 
high score on the Cooperative Algebra Test McCutcheon also con- 
cluded that the broad spectrum of capabilities of the gifted needed 
careful study before assignment to college-type physics courses 
m high school. 
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Sktldon identified and studied certain factors characteristic of 
science instruction in New York State and related them to results 
on Regents Examinations in biology, chemistry, and physics. 
Sorton attempted to find out by means of a multiple regression 
analysis whether or not achievement in 9th-grade general science 
was related more closely to study habits than to intelligence, read- 
ing ability, and aptitude. He concluded that aptitude* were better 
predictors of success in general science than the other variables 
studied and that teacher ratings were the least valuable of all 
Seeking to discover how closely interests of pupils in second- 
semester biology classes compare with the emphasis given certain 
topics in 10 current high school texts in the field, Blanc found little 
correlation between emphasis given topics in textbooks and ex- 
pressed interest of pupils; but the higher the first-semester grade, 
the greater the number of expressed interests in textbook topics. 
As the result of a comprehensive study of the relationship between 
science teacher attitudes, preparation, and experience, and growth 
in interest and achievement of high school science students, Taylor 
concluded that there was a significant difference in growth in inter- 
est as between students under full-time science teachers and those 
under part-time science teachers. A difference in achievement of 
these two groups, however, was not highly significant A eem- 
posite of other teacher factors falling above the median produced 
significant changes in science achievement but not in interest 
In a comprehensive study of the attitudes of high school seniors 
toward science and ' scientific careers, Alien showed that, for the 
group studied, the overall picture of attitudes was favorable and 
constructive toward science when judged by the response ratings 
determined by a competent jury. On the other hand, an item 
analysis of all responses revealed the existence of misunderstand- 
ing on the part of many students concerning questions related to 
the scientist and his work, and to the nature of science. Intelligence 
was found to be related to the character of the responses: the 
greater the intelligence of the given senior, the greater the chances 
he would have favorable attitudes toward science. The aptitudes 
and attitudes of high school youth toward science and scientists 
were studied by Stok*r. He found, in general, that students ex- 
pressed favorable attitudes toward science, ss a social institution 
and that their attitudes toward scientists as people were signifi- 
cant^ related to their aptitudes, but that their attitude toward 
science as a vocation was not significantly related to their aptitudes 
for science. Pupils’ attitudes toward science as an institution and 
as a vocation and toward the scientists were closely related to their 
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“ * ci “ c * “ d to tbeir »«l«conomlc statue. Their attitude, 
tow ard the other criteria varied with personal factors. 

Attempting to identify potential scientist*, CooUy deponed * 

multiple discriminant analysis of the data on 19 variables secured 

b * en in th * • ci « n ‘“t curriculum >t Fore.! 
dl, schuo,. New York City. He found that career develop*™, 
even among .indent* of high ability, was not a random pm«„ 
and that aptitude of students for science careers waa proUbly', 
c ion o genera) intelligence and previoua scholaatic experience*. 

ru t 


an^b^^T '“ Cher ^ h " alW * y ' Preferential statu. a. 

“ ; >b jf* “ f ™"c«rn and often a* a subject for research This la 
umWanJab,, in the light of the key fsvsltion of th, tear W in 
formal education program* Hia training, his general competence 

-XT - 'r h,ne ‘ ” U l° w &rd *Kiety 3tv"r 

huattltudee toward science and science teaching have been inveeti- 
trated by the researcher from time to time. 

™ mpetencie * needed b >’ wondary school 

d^riv^mrn ,k n KaJe ~ m P°« d of 60 competencies 

ratin^J.T , h / l "* r,ture ln scleD « education and submitted the 
rating scale to four groups of judges who were waked to rate each 
competency M to it. importance on a live-point «d. and 
c to at what point in the training program of teachers the various 
orapetencies should be emphastmd. Differences among the fqur 
group, of judge, were found: the science teachers and ectoo! 

n Weni J> n Cj0 ’ < * t 1Mrreem<,nt ' “<< «>e foundation edu- 
educ * tor * ««"> farthest apart in their Jodg- 
menta on the relative importance of the various competencies. The 

four groups of judges were found ln genera] agreement that the 

ssrsar*-- re " ive “"“ i *» «•* — £ 

‘t’’ 1 " 8 of ,ci ®« are Of eon- 

o^*uWtlni|srtiiift, By means of a questionnaire adminiatered 

to two groups of randomly selected beginning science teachers In 
MaaMchueetta, one with, and the other without adequefotretolng 

llnv'T* 1 the help and assistance that begin! 

fo^hS^sdTti^Ti thln ll hey ”*® A Both * ra, P* Indicated need 
teachhl! 21 , pr ^‘‘ c “ commonly associated with science 

,. f * l ! kh w ?” described on the questionnaire. Shrader in- 

i!H^t *JL? b ?“ encoun ‘*« d «T beginning science teachers 
m the high schools of the Pacific Northwest 
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A questionnaire study of summer institutes for teachers of 
lienee and mathematics involving 9 sponsoring agencies, SO co- 
operating institutions, and 9S4 high school teachers was conducted 
by Scrutineer. He found that 44 percent of the participants held 
bachelor's degree and 53 percent master's degrees; and that 85 
j V rrent had majored in science and or mathematics. The teaching 
experience of the group ranges! from 1 to 39 years, with a median 
.? 9 Fifty -eight percent taught science or mathematics exclus- 
ively, and the majority were better trained than science or 
mathematics teachers for the country' as a w hole 

In their nation-wide study of certification requirements for 
teachers of science and mathematics, Samer and Frymier found 
that 42 State* required a 4-year college degree and one State re- 
quired five years of college preparation. Only two States which 
required four or more years of preparation required additional 
preparation in the teaching Add for advanced degrees and higher 
certificate* The number of required semester hours in mathe- 
matic* ranged from *«ro to 24 with a mode of 18 and a mean of 
15 1 Minimum science requirements ranged from tero to 48 
semester hours, with a mode of 15 and a mean of 17.9. Minimum 
professional education requirements ranged from 12 to 24, with 
a mode of 18 and a mean of 18.4. Twenty State* required course 
w ork in particular areas of science, but only eight of these specified 
a minimum number of hours to be completed. There was lark of 
agreement on what constitutes minimal preparation in subject 
matter. Agreement was fairly good on professional education 
Little was found concerning the quality of preparation There 
seemed to be a need for some sort of uniform minimal requirements 
throughout the United States v 

Interpretation 

The secondary school studies provide*! for this report cover a 
wide range in topic, research design, and procedures. Generally 
speaking, however, only a few of them could be fcharacteriaed as 
unique or profound. In fact, they contribute few new findings and 
shed little new light on the many well-known problems of science 
education. Most of these secondary school science research studies, 
like tboee provided for the reports of previous ye^rs, are findings 
of facta, surveys of status, descriptive inquiries, and assemblings 
and reaasemblings of teaching material. 

Studies of this type are, of course, important, useful, and neces- 
sary. They must be regarded, however, only as routine-type 
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activitiffl to bo carried out from time to time aa the need for status 
formation arises. In general, they are useful only in a limited 
sense, such as indicating places where a more basic type of research 

foTt, * * parn f °. Ut In and of ‘hemselves they areLt adequate 
scienre Son ab ° Ut b “ iC in 

It seems unfortunate that studies based largely on techniques 
such as the survey and the jury opinion, have come to occupy a 
ajor place m the research effort in science education. The total 
research endeavor in this discipline should be re-examined in order 
o ring into sharper focus the great need for what Fletcher G 
H atson and William W. Cooley have called “dynamical descriptions 
how and why the status or achievements or opinions changed.”* 

it L h ^t r rr ,0n W ° Uld ** remiss if H failed to point out that 
t would be Almost impossible for a second person to repeat certain 

8Ch0 ° I 8CienC6 8tudiea ' ^ difficult is partly 

nf h ft ^- n de81gn and P^y in the manner of reporting. One 

thatth^T that , raake 8cienc€ unique as a discipline is the fact 

ch^k bv othefin T i 7 e8t T t0r are ^^tantly under test and 
check by other investigators. It is essential that the techniques 

' the orS 68 ’ V a88Ura ^ ion8 and the hypotheses, employed by 
the^original investigator be reported with such detail and clarity 

^ US€d by ° ther8 Wh0 may wifth to repeat the re- 
*f W t are ever deveIop a lienee of science education, 
research workers must report their studies in such a way that 
these studies can be duplicated exactly 7 * 

* n ° n ' ya f t w of ‘ he rt “dies eecomkny school science could one -1 
identify the hypotheses being tested; and among these, the ones 

were^n^ hyp, ? th “ e8 ‘“ d •**■> der iv«l from educational theory 

Sto^tZ^r Re r reh to education 

seek to test hypotheses that have been suggested by an established 

Itetore™ he d,8c,pline if th “ "“arch i« ever to attain respectable 

Science education is beset with basic unresolved issues in each 
of such areas .a public policy, teaching-learning, methodoZ 
phiiosophy and puiposes, administration and supervision, 
education and evaluation of learning. Enact knowledge of these 

the fldd eBW IMUe8 '* elBential to the « T0wth «nd development of 

bectmjfo^rj ZZ* 8 th \ rtudi “ "Ported in this section it 

A pparent that many who are engaged in directing, and 

* Rethinking Science Kdwtion. Yearbook LIT p.* i teen nw« „ . '' 

P rmm. ltM. p. HI. "" h lm - Unlvereity of Chicago 
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many who are charged with carrying out, the studies are somehow 
not aware of the basic questions that need to be asked if answers 
to crucial concerns are to be forthcoming. If issues are to be re- 
solved, fundamental questions must be asked, and hypotheses 
rooted in educational theory must be tested. 

It must be said over and over again that once a research problem 
has been identified, it is essential to select promising hypotheses 
for testing, and to design the study in such a way that the data will 
be tabulated, analyzed, and interpreted in a manner to make the 
study replicable, the findings generalizable and capable of wide 
application. Only when such procedures are assiduously followed 
will “the studies generally promote the development of reliable 
predictive systems [which are] based upon laws and principles 
that are applicable to the . . . problem of maximizing [science] 
learning in the schools.” 8 

The cultivation of basic research is just as important to the 
well-being and advancement of science education as it is to the 
advancement of science and technology. To deny this, as many do, 
i9 to consign science education to the uncertain pitfalls of unex- 
amined theory, mere opinion, and every man's foregone conclusion. 

4 

SMki Rtletod to Carrlcalaai 

Investigations of course content continue to seek to-*develop 
courses adequate for general education purposes as well as for 
‘specialization. Attempts are being made to place the history of 
science in its true perspective. In fact, there is considerable grop- 
ing for an integrating theme around which general education and 
specialized introductory science courses may be organized. Many 
investigators are questioning how course content can be stream- 
lined or otherwise modified so as to permit higher level instruction 
at each grade level. 

StiKlitf it tofd to Lttimlttf 

Psychological studies reemphasize such points of view as : “The 
student must be put in an environment in which he will not only be 
exposed te the objects of knowledge, but in addition will actually 
desire and want to learn these objects” . . . “Lack of problem- 
solving skills is the cause or reason for many cognitive errors.” . . . 
“Students faced with problem-solving situations become less ef- 
fective after failure in such situations.” A whole-part approach 
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seems to be consistent for most individuals when they face problem- 
solving situations, but individuals differ in the flexibility-rigidity 
factor when they are confronted with situations of different 
structures. 

While engaged in concept learning, learners forced to search for 
the correct response after feed-back of their incorrect answers are 
more successful than those who are dependent upon a teacher for 
the correct answer. Intention to learn does not significantly facili- 
tate retention of learned material, although it does enhance original 
learning. Study habits, primarily reading, predict improvement 
better than any single variable, whereas verbal intelligence is 
likely to be inversely related to improvement. 

S*v4U« Related te PMIotephy whI Okfectiee* 

Writers from the field of philosophy emphasize the need to 
broaden the scope of training for specialists, to point the way to 
greater social wisdom, to keep scientific concepts and methods 
intelligible in our culture, to make traditionalists aware of change 
and progress and at the same time make devotees of progress 
sensitive to traditions. Thus, it appears that science continues to 
arouse study not only from the viewpoint of integrating, but also of 
clarifying, its unique function. 

«•!•*•* H Pvblk Nicy 

Studies in the area of public policy were concerned with evaluat- 
ing the effectiveness of academic-year and summer institutes — a 
matter of concern to the general public for tax and national se- 
curity reasons. Since the number of institutes continues to in- 
crease, studies such as these will doubtless be more numerous and 
more definitive in the future. 

One study dealt with scientists' and educators’ opinions on the 
issues related to science teaching. Such a study is particularly 
valuable since it touches a segment of the population not always 
consulted when science programs are planned. * 

Additional studies have been directed toward the relationship 
between creative responses and working time and instructions, 
approaches to the learning process, transfer of learning, and 
many of the other questions traditionally involved in educational 
psychology. 

Studies dealing with the characteristics of students are aimed at 
trying to identify those characteristics most likely to be related to 
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success in the sciences. Many of these investigations reflect the 
science-student recruitment problem as well as the need for reduc- 
ing the casualty rate among students already enrolled. Competency 
in mathematics continues to share a major responsibility for suc- 
cess of beginning students in science. 

Stedi#* JUiottd to Methods 

Studies in methodology continue to emphasize the motivational 
benefits which seem to derive from experimentation in method- 
ology. Few studies, however, reveal significant differences when 
one type of procedure is compared with another. Several promising 
studies suggest that audiovisual aids, particularly television and 
motion pictures, are gaining in value as their producers develop 
new and better ways of incorporating problem-solving and other 
higher level intellectual processes. 

Shtdiftt It liHdl ft Facilities aod IqaipiMftV 

Facilities and equipment for teaching science have not been a 
significant area of study at this level. Such investigations will 
doubtless become more numerous as national curriculum studies 
at this level mature. 

Studies Related te AdmiaUtratiaa aad lapervfsl e * 

Studies in the area of administration dealt with means of ef- 
fective use of staff time, the characteristics of honors section 
students, and problems associated with large class size. 

In the area of elementary and secondary schools science teacher 
education, the dearth of definitive studies continues. Some of 
the studies reveal that college courses for teachers are begin- 
ning to acquaint their students with the resources available for 
enriching science teaching. In general, studies are lacking on what 
relationship may exist between the success of college science stu- 
dents in their classes and their later success in teaching science. 





Selected Abstracts 


Allen, Hugh. Attitudes of Certain 
High School Seniors Toward Science 
and Scientific Careers. 

Major Adder* , — Hubert M. Evtnt. 

Problem. — To Investigate the following - ( 1 ) Do 
high school seniors have positive, constructive at- 
titudes toward the scientific endeavor? (t) Do 
those seniors choosing scientific careers have more 
positive and constructive attitudes toward science 
than those choosing other careers? (8) Is the 
intelligence of the high school senior related to 
his attitudes regarding science? (4) Is there a 
difference la attitudes toward science end H - 
Ufic careers between high-ability high school 
seniors who (•) plan careers la science or engi- 
neering, and (b) those who plan other careers? 
ProeodT **. — The sample consisted of all the 8,8ft? 
seniors in 20 representative New Jersey high 
schools. The questionnaire submitted to them 
contained a section on personal data, a short 
vocabulary test to estimate intelligence, and an 
attitude scale, and the resulting data were coded 
and punched on I.B.M. cards. To ascertain posi- 
tivenees or negativenees of the exposed atti- 
tudes, the jury technique was employed. 

Finding*.— The high school seniors in this study 
showed constructive attitudes toward sci ence. The 
item analysis revealed that a substantial number 
held nonconstructive views, especially on those 
Hems bearing on the scientist and his work and on 
the nature of science. 

No significant differences were found when the 
responses of the science group (those specifying 
a science or science related career) and the asm- 
science pretip (those specifying other careers) 
were compared with ea ch ether and separat el y 
with the scale score of the judges. 

In general, as far as this study indicated, the 
higher the intelligence of a given student, the 
greater the ehanoes that he would have favorable 
attitudes toward science. No significant differ- 
ences were found when the responses of the high- 
ahflity group (top on e ei g h th in intelligenoe) who 
had Indicated interest in a ^ 1 1 % or rrfmirt 
related career and the responses of a similar group 
who had Indicated Interest In other careers were 
compared with each other and the scale a eon of 
the judges. 

Atkinson, Gens. The Identification 
of Facte and Principles of Nuclear En- 
ergy Suitable for Inclusion In the Sec- 
ondary School Curriculum, 


Major Adrteer — Esther M Nelson. 

Problem. — To determine facts and principle# of 
nuclear energy of importance to U. S. citisens and 
to construct a test to measure understanding of 
them. 

Procedure*. — A lift was made of facts and prig, 
dples pertaining to nuclear processes or applies* 
tkms. This list, together with a rating scale, was 
submitted to a jury of twelve. A test was con* 
■tructed with Internal rshsbDfty (0.88 by split- 
half method stopped op by the Spearman-Brown 
formate) and validity (most items discriminated 
satisfactorily between upper and lower halves cf 
the sample), and was given to 172 students. 
Finding a.— The jury ranked a list of 84 relevant 
facts and principles. The following were the first 
five: (1) H uman hfe has always been exposed to 
rad ia tion. (2) The rate of nuclear reaction can 
be controlled. (8) Nuclear radiation cannot be 
detected by the ordinary senses. (4) The beat 
from a reactor must be transferred to an engine 
to produce power. (I) Nuclear reactors produce 
radioactive Isotopes, 

Tb# corrals tion of the test scores with l.Q. 
•cores was 8.8#. Students who had taken course* 
in physics or chemistry scored higher on the test 
then those who had not. 

Barnes, Cyrus D. and others. Cri- 
teria for Selecting Supplementary 
Reading Science Books for Intellec- 
tually Gifted High School Students. 

Problem — To develop • lilt of criteria (Mr -Wt- 
inr supplementary reading books to tko science 
for gifted high school students and to determine 
tbs rslatira Importance at these criteria. 
Procedur e *. — A questionnaire containing MM cri- 
teria was developed. Is addition raopondonts *m 
askod to sosssst other criteria. Among theoo sog- 
tested, so o wars duplicates of tko onoa originally 
proposed. 

Tho criteria war, divided into (1) those per- 
taining to tko offset of tko book on tko r o odo r sad 
(*> thorn pertaining to tko intrinaie quality of 
tko book. 

Pindhtf *. — A list of 12 criteria for >ai«ntlng sup- 
pitm an tary arianos reading bosks for gifted high 
school students was set np. 

The reading Weal of academically gifted hick 
school students should be upgraded sad eaa he if 
tr a cker s, administrator*, and parents (using the 
criteria worked out in this study) select supple- 
mentary science books. 
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Beck Charles F., Jr. The Develop- 
ment and Present Status of School 
Science Fairs. 

Problem. — To ascertain the dtr^opacst and 
present status of school science fairs. 
p+oredure *. — Questionnaires wore tent to 166 
school science fair director*. Adequate informa- 
tion wa* received from S8 of them and w«a ena- 
cted , 

Finding*.— In 1886 the typical science fair wai 
held in either a gymnasium or science building on 
s college campus; its director was s member of 
the college staff; the fair was in the third year of 
it* operation; the exhibits were cm display for two 
days; no *d mission charge was made; the fair was 
sponsored by a newspaper, professional society, or 
in industry. 

Bichler, David L. The Effect on 
Selected Science Education Objective* 
of a Sound Motion Picture, With Ac- 
companying Classroom Teaching Unit 
Concerning Poliomyelitis Presented to 
High School Students. 

Major Aiviarr. — J. DurroU Barnard. 

Problem.— To study the gain in Information on 
medical research against poliomyelitis; to measure 
the change in the understanding of the biological 
principles in a teaching unit on poliomyelitis; to 
measure the changes in attitude of the students 
towards tbs National Foundation; and to measure 
the change in attitude of the students toward the 
March of Dimes. 

Procedures.— Tbs data were obtained through the 
cooperation of three schools in different areas of 
New Jersey. The 191 students who participated 
in this study were either high school biology stu- 
dents or junior high school general science stu- 
dents in th# 9th and 10th grades. 

Tests for understanding of biological principles 
and achievement in biology were devised and een- 
• trusted by the investigator. Pilot studies con- 
ducted by the investigator indicated that the re- 
liability of the test ite m s was sufficient for uee to 
this study. Rammers Generalised Attitude teaks 
were used as pro- and po et-testa. Groups were 
equated on the basis of their I.Q^ reading ability, 
and chr on ol ogical agey These variables were sta- 
tistically treated tadOhdr relationship to p retest 
results wee interpreted. 

Findings.— (1) There is no statistically significant 
relationship b etwee n chronological age of these 
s tud e nts and Mr performance ea the nshievo- 
meat and principles tests. CD Intelligence of an 
adolescent gives ae indication of his cllttuim to- 
wards the National Foundation and the March ef 
Dimes CD Feeding ability ef an s l i l tsss nt gives 


Foundation. CD The elder the chad, the km 
favorably inclined he k toward the National 
Foundation. CS) The film Interim Report alone 


had little or negligible effect on the gains achieved 
on the biology achievement test. 

Blanc, Sam S. Biology Interests of 
Tenth- and Eleventh-Grade Pupils. 

Problem , — How closely do Interests of pupils in 
second-semester biology desses compart with em- 
phasis given to these topics by Id current high 
school texts in the field ? 

Procedures. — A questionnaire was checked by 60 
boys and 66 girls from 16 biology classes. Half of 
each were in the 10th grade and the samples were 
equally divided as to the biology grads (A, B, C, 
or D) received to the first semester. Each of the 
92 topics was to be marked as “yes”, “no", or 
“undecided** for interest and ranked for toterest- 
vahw under each of the headings ; "Boys, girla, 
10th grade,** and “A, B, C. and D grades.** 
Findings. — (1) There was little correlation be- 
tween emphasis given topics In textbooks and ex- 
pressed Interest of pupils, it) There was high 
agreement between groups to likes and dislikes of 
specific topics, if) "A-group pupils" were meat 
inclined, and ”B-g roup” pupils least inclined, to 
agree with emphasis to textbooks. (4) The higher 
the first -semester grade, the greater the number 
of expressed interests in topics. 

Champa, V. Anthony. Television: 
Its Effectiveness in Ninth-Grade Sci- 
ence Classroom Teaching. 

Problaw ^ — To sxplora tho potential of takrisioa 
In kdpini Hh-grad« pupil* loarn taora octane* ao 
well ao prodlopcoing tkm to furtbor (tody ta 
•ctoaot. 

Proeadmraa. — Thro* huadrod »tb grad* octane* 
itodoata from Laaeaator. Pa. woro totacted for 
this osporiamat. Tb# eouTOnttoaal <C) croup waa 
taught octane* a* It had bcoa taught previously. 
Th* TV group waa taught th* Him eourao of 
•tody, with two qoartor-hoor totaoiataa program, 
por wook during th* year. Th* Motion Pletor* 
(UP) group waa taught th* oaaa* ooura* of otady. 
with a half-hoar por wook tor oiowing th* am 
two Shoo ao tho TV group. Noithcr th# C group 
nor tho UP groap had th* adoaotae* of th# 
aetaae* rooourc. poop)* aood on idtrUrn. 


Pi ni m s * — Tho gain* won significant hotwoan 
tho pro- and poot-tmt (at th* Ml Wool of oanfi- 
done*) for all thro# group*, with th* rank af 
tmprooonaont a* foOowa : MP group, TV groap. 

C group. A yanr later slightly aaooo otudeata froar 
TV and MP group* wot* eoaUnuiag ta tab* 
oeiono* eourooo than from th* C group. Thodam- 
room t eotho r a in this onph wai o ama d halp ta 
aahtootag objsetioas and roeogniiad tho oataa af 
tho takaasto and motion pisturm nhnoot unaai- 


If mod in th* aarltar grades, porimpa thla toeh- 
alena oenM atimulat* loaralag and oranto n ta- 
oorahta dtopooitio* toward octane* aa a anraar. 
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Coolxt, William W. Identifying Po- 
tential Scientists: A Multimriate Ap- 
proach. 

PnMrm.—From data collected during high -rVnl 
to distinguish among th# r a Hoot post- high gnhool 
career direction* 

A total of f 50 student* i* t ht prs> 
wiFntifWi curriculum ov#r a period erf ymi t at 
Forest HUk High School (N T.) wore Included 
in the present study. Date on It cartel were 
made s reliable by school authorities The tech* 
niquf'of multiply discriminant analysis was used 
tor treatment erf the data 

Finding a— Even among s group of high I Q, stu- 
dents career development cannot be considered as 
s random process Since statistical significance 
does not imply practical significance, selection or 
exclusion of students from the special science 
program on the bask of these res u its would be un- 
reasonable The results lend support to the view 
that science aptitude is a function of general In- 
telligence and previous scholastic achievement 
Factors in combination produced the group dif- 
ferences on each function. Study results lend en- 
couragement for farther similar studies. 

Englehart, M, D. and oth*r $ . In- 
struction in Physics by Television in 
the Chicago Public Schools. 

ProbUm.*— To evaluate and study near terhniqnm 
in the use of television on the of data and 

the comparative achieve men ta oC student* at dif- 
ferent ievek of ability. 

Procerfarea—Teeting student* taught physic* by 
television after completion of course Tk LQ. of 
cech group was known along with other data for 
comparative study. 

Finding*. 8tadent* with LQ. scores shove I t# sad 
Mow 10# apparently profited relatively met* from 
usual methods of instruction than from TV in- 
struction. Such groups as these two apparently 
need to be guided and stimulated by a teacher. 
Probably a different kind of TV instruction k 
needed and will he developed for the average 
student for whom physic* ha* more cultural than 
vocational or professional value. 

Fonsworth, Emile Chajlljw. Tht 
Use of the Reflective-Thinking Ap- 
proach in the Teaching of High School 
Chemistry. 

Problem . — To device and teat the effectiveness 
with high school pupik of procedure* that us* 
the reflective- thin king approach, as opposed to 
approaches that emphasise acquiring knowledge 
-of fact* and principle*. 

Procedure*. — Procedure* were developed to Im- 
prove students* abilities in thinking by solving 
chemistry problems. Student* sod teacher cooper- 
ated in selecting problems and methods of salving 


them and in acquiring th* neesmary rftflk sad 
technique*. Results of these procedures were 
measured by LQ. and critical- thinking tests and 
standardised achievement examinations fas rh um 
toty. These result* were compared with aimlkr 
result* from the mm sees! faetmd Information 
approach to the subject matter/x »q u |rsk«t 
groups and the same group were need ta th# 
analysis. 

SpeciftcaAy, the f ©flowing group-gain compari- 
sons were made: < I ) reflective-thinking approach 
vensua factual information approach in two dif- 
ferent groups, (!) reflective thinking approach 
versa* factual information in th# asms group*, 
and (!) reflective thinking group versus facts*] 
information group, with extra class periods added 
for both. 

Finding*. — The gains by students under the rv- 
flective- thinking approach were highly slgnl&eaat 
as to (1) growth in mental ability, (f) the appti 
retioo erf abilities required hi critical thinking, 
and (!) the use of the scientific method In solving 
ehemkiry problems. Gain* in the acquisition of 
fact* and principles were significant la those 
group* submitted to s factual-information sp- 
prqpeh, although th* former students obtained 
satisfactory scores in this area. Various other 
observation* of positive changes in behavior not 
directly measured by the teste were noted. Mm 
these changes in total are usually trrrasidsrij 
worthy objectives of democratic education, H is 
recommended that teach i ng methods he modified 
in order to emphasise rgdeetive thinking 

Fran ml, Edward. A Comp*r»0Tt 
Study of Achieving and Underachieving 
in High School Boys of High Intellec- 
tual Ability. 

Problem.— To In matte* ta poaalhla euM for th« 
differences i B e c bola i tk performance of •chtortr, 
*b 4 andareebiee lag U(k school bora of p r aa u a>- 
•bty eeuiraient high IntaUaetual ability. 

Procedure * . — Tb« experimental croup con* i*t»d of 
8# palra of boya selected from tba Jana ItST senior 
elaaa of tba Breai High School af Science in 
Naw Torfc City. Each pair eoaaistad of an 
aehtarar and aa sadmeUrm — ttkH on tba 
boaia af aouWaJaat la tattaata al qootWnt, naoro on 
entrance examination required by tba school, aid 
aca. 

Araaa explored for poanMa stgatSeaat differ- 
•nom warn (I) aptltudm. (I) Internet. (t) par- 
aonaJ p r ob l aa m , (4) baa lt b. (t) boat# and family 
background. (4) analoaaonomie states, (7) rme- 
tioa to aebool •objects, (S) ranatlon to aebool. 

( out-of -aebool actlritlaa. (It) vocational and 

aoOase planning, and (11) e ca d emit performance 
la iuntor blab aebool. 

Inatrumaote uead for eolleetiag tba data related 
to tbaae araaa wera (1) flifnaalMI Rpllladi 
Tmta. (S) Kador Ve catlo aal Prafaraaoa Roeord. 
<» Moots oy Problem Checklist, (4) aebool rce- 
orde, (*) a q u e sti onnaire dc - ct op c d by the laeoctl- 
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t^ioT, and (I) the Hamburger SodoeeenesBte 

Sets# 

f mdmpa— Tbe showed greater aptitude 

then tbe n mWm eh i eva n Is verbal and the Mtlf 
squeal trctt, and were mon inter es t ed tm itl i t 
mMikttl and mien tide trail Uaa tbt t itoeMfa 
r n, a ho favored the mcchanleaJ and the arttotte. 
Achiever* ■ s l e ete d itWtM it aa the caveat, asd 
tre hematic* asd s cienc e aa the beet liked euhjeria 
] tc3 choee English at the moei difficult asd liwurf 
krd *uh>eeA The u ndera chiever* choee eeieset 
tg th# raci e st asd beat Eked aubjert. faraiy t bus* 
ri^r« m the moat dHBcuh asd toast Eked. The 
uBderaeht***r* exprmeed more negative fadhp 
toward wrhoel is terms of (a) toss inter eat asd 
rartJcfpatten la eatraeurrientor activities, (b) 
poorer Itfgttw, ted («) men <H*elpHn*TT 
-‘ffmeee. 

Achievers awe mere istereetad hi pare eelenee 
matbawatlee asd plassed their eaOage s ou res* 
accordingly, while un de r ac hie v er * planning Is 
ecter telenet trad e d to > elect aattua iimgraai h 
applied tekh A dfiitmi anas her ad aadw- 
Achiever* did set piaa la aiw airaw The p*t~ 
tem of am demit performance la the junior bigb 


Athievera were already underachieving, their 
whoUetic r e aor di h ern m a p ragr a mfvely worm la 
high eahaaL . 


Carsot, Leonard J. A Comparison 
cf the EffacthreaeM of Two Methods of 
Instruction is High School Physics as 
Measured by Leeds of Achievement of 
Students of High and Low Intelligence. 


Major SMsotv— )O ie a a Psfia. 
r^ekem.— To deteraaiae wh e ther there le a «4g- 
mfteant difmeaee h level of nhiivnat asd to 
*r ntion ha high eehool phyaWe hteaai abdaeti 
of high asd lew hwh of Hit e B a Haal ability, who 
gtodiod physics bp traditional prooederoa. whoa 
compared with eted e at i of hlfffc asd lew toveb of 
iBtdb^vftl ability who ataiad phyeies by aaaaa 
of the Harvey White phy la flha 


Fra radar*.— Htoty Wtoooggfa rlamrn to pbyoic a 
«tr* a elected at rtalm asd dlvldad hkNflb 


pert mental (dim aatag) asd M eawtrel yroep a, 
ach eoehtoag H| eta deale Iha top asd bot- 
tom t? peroaat to tohtgwaa of each af the 
phyeieo etoeaee wae eelastod os the baste g f the 
Henman-Nolm I eUBgma a Tht asd labeled aa 


the 




Ftedfege. — The toted ef aghlewoaeaat asd vetoadtos 
ia pinto if a la i ml g af Ugh aad tow lutein 
gram, l ae p a cth i to , to the experimental st e ep to 


not etgnrteantly different from that of comparable 
student* to the control g r oup . The higher infcdh- 
g 0 v.ee ee ettoae is both experimental aad eoatiwl 
troupe achieved significantly higher than the low- 
er intelligence se ction* , hut the tovol of retention 
wee sat sign i Beastly different. There to no *ig- 
n ideas t di ffer e arn is the level of adt i rv umm t asd 


control student* studying physics under the guid- 
sia of leacben is three l evel o f -preparation cate- 
gories There was t.g significant diffe renc e to 
level of achievement la physics between the «• 
yhweUi end control students, but the centred 
groups were stgnifteer.Uj higher ia rstentteii of 
physic* Information. 

R muxsemd , Lloyd H. Effects of 
Changing the Typical Sequence of High 
School Science Courses to SthGrgde 
Biology end lOth^Grhde Physical Sci- 
ence. 


Ifejer Advieer — R, WU1 Burnett, 

Problem. — To iaveetigaie the ednoetionel edvan- 
tageo or dtoadvaatagee of eobetitsttog biology for 
general ecienre et tbe Wb-grade level, end physica l 
erica eo ter biology e! the l#th-grade level to two 
high e choed * 

Procedure*, —Two approaches were seed, to one, 
tbe standardising sample* of the seienes ieate «f 
the World Book Company's gea toato eo mmd Ad- 
>w*tme*4 Series were re organ ise d to repraoeat 
distribution* of average school ach i e v e men t, 
which had baen adjusted to one LQ tovoi on the 
basto of the wtthto sch o ol le gr ee ekme of ato to te 

with the e eh onto to too reorganised sta ndar d totog 
samples. la tog otoer method, too wgw a toi <* 
school s chlev sma r t m e ase upon eehool L Q. maw 

within the etaadardlstog oampto was aood to pre- 
dict the achie v ement m ea se of too two schools, 
given their moan I.Q.**. The e to l e v emen t mean* 

term of standard errors of eo ftwato 



Oaipil ttlanrt ithlevamaat after tth gr ade 
hlntogy was tow wh o a amaparod with too national 



bmit Fhyaka aehto v omoat was high 
to the two oaporlaeoataJ eebooto. 
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Henderson, Alexander, Jr. An In- 
restigstion of the Interest of Secondary 
School Pupils, Parents, and Teachers in 
Physiology. 

P r obl em — Wbii of physkdagy d© btgk 

•chocd pupih, their parent*, *»d teaebrr* feel 
should he Included lit the high school curriculum ? 
Praaatmrm*— A check Hit of physiology topic* vai 
end submitted t© »t« high tebod .to 
dent*. 181 teachers, ft parcel*. end 14 physiols na. 
i were evaluated os a *e*le of 4-4 to t 





-Homofene:ty in rerard to 
ad rk a Mt if like int* rest* are to 
Parent* and teacher* are rather rood judge* of 
internets of pupil*; phrslcUn* are not Parents 
feel that eex education to part of the eehooTi 
function. Student* are more fntereeted in prac- 
tical than in theoretical information 

Howard, Ctrsix W. A Gompuratir* 
Analysis of the Objectives and Content 
of Biology Instruction in the High 
Schools of Today With Those of Ap- 
proximately 40 and 80 Years Ago, 
Respectively. 

Major X deicer, — L Owen Foster, 

Preble st. — To compare the abjective* and contest 
of biology lee traction la the high aeheoto of today 
with those in the high school* of 
48 sad 84 years ago, respectively, lasofir a 
were revealed to representative t e x t b oo h* 
from the 

each at the three aeleetid period* were rirftiit*1 
■ad analysed for emphasis <m (1) ob j ec tiv es at 
instruction. (t) eohjert-mettor content. (8) mad- 
tv level difofcuh j of subject matter, ami (4) the 
at to which Uhmtratio&s were need in tert- 
of the three period*. 

f to d tofa — Under the major phase* of this study 
the fefiovtof oonehisiona were draws : Factual in- 
formation objectives tram the aaiHast to the latest 

a gradual (iigreni in 

tofwmttos 

similarly compered ahowad an innraaae in 
•to. Mental discipline and 
object! vea (which reoeived some mcetton in the 
Aral period) were art present in either the 
or the third period. The content of 

of the 4nl to the toot period, changed hi 
from the pragfio* of 
ertoe a member of more or torn 
the practice of having them Benejdm *>■««*»» 8f 
in# things and pmir totorretottonabipe. A 

to footer practical application* of kmowi- 
and to 

of 

^ 4k • AS .. M 4 4 


Hubbard, Gborot Wendell Th« Ef- 
feet of Three Teaching Methods on 
Achievement in s Senior High School 
Physics Course. 

Prablam.—To toim fai tha rffwet at thm twvm 
at g r am eauUan of tab Wet matter mi Um eompr*. 
b*r.*l<ra at hicb mM phyvfes. 

Prwtfvii. — On# froup ni tao(k| by WeWat 
only, on* by ta W rtalop aappWmmUd bp ih* pby. 
•if* t — ctur . u4 Um third by Ac mom tmeher 
o«io« MTBtal rUmnoom taebn tqom a toul 
of SS «tn<Wat». Orocrp* w*n* matt-bod on Mora 
from tho A m a rt tan Comet] mi Wamtlw P*,- 
rhoioptcaJ Er a mJ na tio n, Bisk Sabool Edition 
Tho eritario* mmonr o d by tho rtmty warn th* dtf. 



taro forma of tho Coop or a tiro Phyates Toot for 
OoDopa Students. Tha atattatteaJ method aaod ni 
tho uanbwb at oartaaA. 

F md>«^*-Tber* It so »tott*UeoUy o^eiAoaat 

an pnrtocttT ta any of tho tssebln* mathmW N* 
tooebtoa method worked bettor tbao any other for 
any on* oehoioetie sbatty W*nl. 

Imb, Vbun W. The Evaluation of 
Supervision of Secondary School Sci- 
ence Instruction. 

Mata-' Adrtarr — John 8. Rtehsrdaoo ( t 

PratUm — To oooortoio tho ototo* of mparrkioa 

State aad local Wrote, and to mhaoto tha pnt- 
formonoo of auperrtoory o rtf y ftU o to tha ttpht of 
*ahmi procured throoch tho foitymoutt of a fary 
Prat.dm-. a .- Bt o ta deport monte at < 
asked to give the atatn* at aeies 
the ioeatioa of trienee w pwr toon in < 

seeming tho i mporta nce of 184 
activities were aeot to 88 write*! edu- 
cator*. Fo rt y-fou r local and 18 State acimee au- 

aeftain to what extent they took part to such 
activities. Statistical tre atmen t included toe me 
of the eoeAeienl of correlation, rank eorreftatkm, 
and toe Null Hypothesis. 

188 su p ervis or y activities were 
to 8 eategoriee. Data obtained from toe 
thto the rank order ef toe eotogortm 
t (!) m e thod s (8) curriculum study, (8) iw 
(4) inaerviee growth ef tee chore, (8) 
self -growth, (8) public relation*, (f) 
tom, and (8) 

Only Ms State 
ployed fto or part-time i super visor*. The 
primary funetioo* of the I 

to nature. Aetivitim to i 
took toe form of 
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McCutcheon, George J. An Analyt- 
ical Study of Achievement in 8th -Grade 
General Science end 8th-Grade Gen- 
eral Mathematics in Minnesota Public 
Schools. 

Adviser.— Palmer (X Johnson, 

to te ralativ* achievement of 
It h-grade at udents in r4to«i^» and sc ien c e toe 
relation to organisation oi the a# bool. Jtb-grad# 
cr.r^ment, End certain pupil and teacher factor* ? 

urea— A IMtm test Is mathematic* end 
A 764t*m teat Is science were haih frwm e tor** 
pod af Hem* After e* item t&Elfto Pretest* to 
science end m* theme fir* were administered to e 
►t ratified reedo® temp to oft *11 Minnesota school* 
A to nwro n achievement vu given *to 

wonth* later to 4,471 pupils 

Ptebng* — Boy* seed* signifies ntiy greeter 

achievement is science the® fdrto, but no aueb 
difference appeared to me theme tie*. Qtrto had 
fciifhUy higher meen m o re* to prs- end poet- test* 
to mathematic*. The top end middto gr ou p* had 
ftirnifteentbr torper poet feet mor e * to «itto»itWi 
and aetosee. The middto group eppeered somewhat 
fuperter Is ftnel achi evem ent to the top S percent. 

National Education Association 
Research Division. Mathematics and 
Science Enrollment*. 

P roblem ,— To survey 1467 enrollments to me the 
rustic* end science cour s es . 

Prettoana. — The data to thto study was provided 
by 1 Jtft seehto Questionnaire* completed tor prin- 
cipals end actono e end smthemeUca teacher*. The 
tote tea collect ad mg* organised under three 
heeding * i (1) fa* chert of m e t h em a t i c * end •ri- 
me# (nan shore, time dev oted to teething to mifto 
mete or iteet ftold, end the level oi te a chi ng 
to each field); (S) the program end facilities for 
nutbmufta and octane* teething < enrollments, 
curriculum rev ida s prog re me, end scterc equip- 
ment end fediltto*) ; end (S) print! pel* opto- 
tone tent present seriou s limitations to programs 
of mathemetto* end science inetruetion. 

Fmdtops.-- The study todiceted the faBowtog i to 
met!, satomto and o cWne s t ae ther* of 
large agon d try Mhonb era heiter prepared end 
more likely to ho toaehtog their subjects foil time, 
tea tea t out of 4 of the mathematic* teacher* 
aid woU eve S out of 10 of te tee to o cher* 
ago teaching thdr particular subject fuB tea. 
Nearly a guerfar of te g r aduate to afl three 
categories of the sehooli dadl a d had taken bw 
twees S and 4 yarn of both math— mtiss end 
idonco . Large high * chooIt hero bees adding sew 
setae* cour eee at an ntiendy rapid tea la te 
opinions of the administrator*, tog* to a Mod tor 
more u p - to - da te knowledge of te field being 
taught. 


Newman, Earl Nelson. A Campari- 
ton of th# Effaetiirenafts of Three 
Teaching Methods in High School 
Biology. 

Adviser — Arthur W. Hdtoaa 
Prwhless— To compare te effectiveness of thro* 
method* oi In* tract ion • toct u rw-d iscu a el oa with 
ootaih reading assignments, tewateatei 
with textbook reading to atoaa, and lecture-die- 
with no textbook of reading esatgnment » 
in or out of ctoa * 

Procedure* - The group# had At, Aft, and 61 pup Via. 
respectively Ahormate forme of te Netoon Bio* 
egy Teat vmi given a* prw and p o at -te at* 
Pbadin#**— For te groups a* a whole, each metfc 
od of teaching resulted Is gains is biologies] in- 
formation, hut non# waa found to he statistically 
superior to any other For those fraction* of afl 
three group* scoring high os intelHgevc* and 
read ing compr ehen si o n, no method waa found to 
he superior. For those parte of te group# scoring 
km to intelligence and reading compre hensi on, 
only te group with aastgnsd reading to eta 
showed aignifteant improvement over te other 
two groups. 

Norton, Daniel P. Relationship of 
Study Habits and Other Measures of 
Achievement in Rth-Gr&de General 
Science, 

Problem — Doss achievement in ftth-grade general 
science relate more ekwely to study habit* ten 
Intelligence, r e ading ability, and aptitudes T 
P ro cedure a . — Forty-one boy* and AI girls were 
good as a sample from a population of A general 
science rtomsg The following teat* were te vari- 
ables inc or p or ated to te study* Iowa Silent 
leading, town Algebra Aptitude, Otto Quick Scor- 
ing, Student Rating, Instructor Rating. Differen- 
tial Aptitudes, S pace Relations, and Mechanical 

Pmdmpi. Aptitudes, a* measured by te Differ- 
ential Aptitude Testa, were te meet aijmlAcant 
predictor for both aexea when considered together 
I nstructo r rating appeared te valuable for pre- 
dictive purpose* than any other independent 
variable 

Pierce, Edward F. Modern High 
School Chemistry. 

Mayor A deter.- -Frederick L Fi tap* trick. 

P r oblem . — To de ve lop a modern course of study 
te high echoed ch e mistry that will include modem 
chemical theory and unifying c on c epts . 

P r o ce dure* . — Current chemistry course* of study 
sad textbook* wer e re v iew e d and evaluated. The 
study of existing materials revealed an extensive 
treatment of dmerfpttoe chemistry and ebemieal 
technology and a lack of emphasis cm modern 
chemical theory. 
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arennECH IN TKACH 1 NO OF SCIENCE 


Profciia fos«j* aouraa a vhrrfttoA to 

arte arpneewd h* a r™*P ^ e hesM*- A a*w 
fkamtalrf ^fN ww Uto« mUIm^ *ni l&e pr»= 

Hi menof rap h ** m fro* lb* *v 


rmHm+* Tfc* «rf aaargy. ■Cruct- 

ta*ra, and #*wi2torto» iri iagtoLfiy to*#top#d *»d 

Mm m tirt eta k*r itlfHM '5«n» f« tkta 


o^kly 

Am 


datfont ar» «* 

bUtatary 

■ ipproack. 


, m to tjsA unn s ----- 

aj a :b ^ ^ 


PMim, M4K;omis Ruth and K wm- 

K1TH E ANDMON. A 8 ttldy of thr 
Releiipnhhip of 8peel&*d Abilities in 
Chemistry to Each Other ami to In 

toUi^tmco. 

riwUmm. il) To mo*™ ito *■ 

fhmMe «tf tkr## |iw «rf rni.Arr-to tUM «» 

th* hash of tataftUen.n 4*e*±mkU iste *a tppfr 

M paetvnt* mtodte M and toaai M P*r 

Ml f*€ lb# . i#a and Cl) » toiaieeto* th# tag*#* 
mi rata fieri aMp 'niM'i pti fenai aoi mb 
part* a# ih# ehamlit r y i«#t and heter**r> tataftl- 
gtBPE and perform! a* ■ as if^srart ytri* *f i^e 


k— TW 
ataerini feom 4 
. * rianc* n**d HM n* r-* 


OCMMttotod •€ IP ■i Tfr- tj 

fttattotiaal aaatoah «rf 


BRhVftg tb# mMni of th# tL^at fpop oo to 
aitai*<rwTa»nt on part# A ft. C, ft tM th# M 
ehaentatof fatoL Th# tef» tmiflftnpliie] group *** 
fMM atony* #up#rtor to ih* te«r groop*, and th« 
middle imp wa* rwd atomy* #ap#rter to to* W»«4 

Th# ability to under *Urte and m^pkf th# ai*- 
CT 4 TU of th# aetoPlHk mad hoA. to*«ib#* wito ft# 
aaooctatoA attltuA** to ^tg y al t a attes * to p«r= 
bap* mara etanedf r*to tod to p« ■* 

rtan any of the Qtb*r parti of the ahasatotry tool. 

Th# totarcorratatioe# of part# erf th# l«i with 
ea*h at bar mmr# aJJ otgntftmnt N*t ^ tiuetoj 
b%E tW coofleirot r*of mg fra^ 1M to 0 U 
ft wu afc# apparent that th# aodrratoftfJng «# 
funrtlonaJ facta and »«toptaW 

otbv tkroa ahiHttoa axuf wm acmMspajetod hr tW 
n rvftor^t s.n<±i ng aa4 apptieitier «f f aatooal prto* 
dp-bai of ?i»ciBiatrf Th# abUftti to oitocraUsvd a^ 
apply U» etomacta irf atoaottfic «<*tod togattorr 
erttb Ha aaaorUUd attltudw. xoccxa pa&tod tJto 
oCtor abilKtoa to a I— r. d a gf^ 

Th# pnrrtoaltoM #f IrtoDtgm c^ wHIl part* 
to# eheabt ry toot rt&fd fea« • to to A 44 The 
high#*! cor relation was tot# tot* totottg«ae a»d 
to# ability to apdarvtoef a*wi apply to# a tottoato 
f to# toto&Ua* m#too4 togatoerr ^Hb fta aaao 


fntfrr »u parlor atodrato atoij’yad 
mi to# total chemlatry Uat than <bd 


tb# iMftfe or 


k>fefe~ rr#ap#, tt:4 th# »r».r«f» 
km ti*s fh# tew#: f :wcp 

Rand, E W, WH 44 a m Fv BtAi 
nu Priori ti#r§ in Rtpyrtitol for S cn 
enc* Edftcmtion in LouigUnm Scbooii. 


To U glify sffiW uw f»r t^. 

pr»^M la to# i» to* LcmkimM 

N^™ ##ppii fr y schocah. 


^ u adn ui i Mra- r ^ prw 

TtmicB# f« l» Th* "prt toaaaif^ 

stafly tt aeh o oh !• ow 


— S#qargs tiaJ ia # 1 ^ ; ml 

*afra b Bahai m fpftewi ■ ill Reor to t tto 
ra nkto e to prsrr^# arar* tearmtof #pp#riumj 
in Lh* ftorateai Cl) irayi 

w* to erak a rrwatof «rf toa^a* i* 

to pkr*kaJ actosit 5 #* - C 1 > Stoto b#w be « 


a*d h#4y atuii rtTiiomlM to total a»# aci- 
ma to tan -Bior# Oh*. artoatfAc »r*fr. ta 
fM*t aaraar r«li la *cteyy^» *r,4 to hw nrvrg, * wto^ 
Htoai to th* saHrrf trUf ttto* MMHie to 
rich the** ro*h. (4) f k p*n .1 tb* »ci#g>o* tortli 


tto* la to i tv/h>to 

*^aipwk#al for tb* > Portal dita^Mk (I) fe- =^y 

t» aooertolB hoe# h*#l to tefed im~« parp#*# to tto 

Ronft fttrtH 1 Ri- The Utilisation 
of Induatrf-Spoft^r^ tiigtrwtiimaJ 
Matrriala by Colorado HlgE ^bwl 
Chemistry Teachers. 


Proftom. To eiwalr*# tbc factor# fes*^kr#d !■ th* 

bg ihiihtr/ to Otoorada fcifb f -T— H 

f‘rcA-*tatr»— A T<utertk>a 4 Ihm tootra^ui 
matrrlah for higte arhool ebMiatri *M 
rh# salartah w#r# etaadift#d and rrltar i* for 

.^ kta r tl ng ih# d#U wm e on a te n- t*A and to 

aerur* lafortnattaa fmsss a ran^^ aampta af 0#h>- 
rad# high achooi rbraUtn tooeber# Tito taf^ 

i--j 


rtadtapt — AB £h#M toa^t# «mv #»ar# to- 
duMtry a* * PCHsrres ^ inaunrUona) eaat#rtah and 
M pirtw l Mi anrfe MtoHata Tb# 

ased ttam prisaarily togas# they ftat that thta to 
fertoto »ligButat#d eUa# totoraat. Mto a Mi 


to a ttotiad bodgat for Ipat nactkreal satortok 


proTidad »pi #teaal p roaaaUttoa, and altawod 


ai# a dtoptay oa baBatto tafttta, fad wtew 
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KuwHMtt, Mcltok. Tb* Ability of 
lib Grad* Pupil* to Indicate Under 
.... ..tinp of Three Simple Machine* 

p-otoeoo— TW t*eo*t%otioe *•»* w*k **• •*&*• 


( 1 ) 


wtlAta tbo W*w. >M utd oiK *m4J 


i ill raw Tg* 6 ** i *r.» .U ‘ * V' • * - 

*4 wtolfr; *»-4 ( I ) r- lato irag tof 

_ _ t— ^ i- * wbMi *ra isi ■ a#4 



Afw K, b# «• if 1 ^ 

, w 1%*. graft ™ »• b * 

4^ to bi# mrfthod ar to *w - m M 

iB ^ iidiiimii-" proBi^m* N« rtotod feta 
-^K4 bto ui5<tor*Utidtoy 

wiw H« *u ■!■» to 7 if at i yrai M d-ai h m«I 

^^Ity A tow to * «Fii*i ar.d udt »p*1 * wltorf 
^ to * pgltoy Tfeto wahad to £ tetsi rf 
i! er^rwto iHItlto aad a total 



nrF^SJWi iil** %*** » 

tfc* re*»tl<*wehtiw oKhtr, u4 fc«t 


" lii-rr^r ef lA* IS oMBtiee *M < M twl 

mmDmlLO,^ •«*«• - <** P — 
ApUtW Tm •* VeeW Um—sml**, l*«t-w«WoJ 
A«mj, Ab»trt»t 




erioke HelleUeoi awe no 
r.^ ^ gu , T he ekiMroo <Hd di*««*4 r* 

■..rihode of 4>eee*«rls* r^ itw».>it n to m»U<M 

| whether there Im o "W 4 " w»». The iWUro l 
ipparvat w 4114 --^ -- 
*rd toftir 

• Arrant t fa# aae rf fthgrftor tocfaniq uaa to 
vicar# pHrrlpto# by 

(1) Sueew to atoltoy a 

vm inato tton to rcrtohatof i ^toatoja. Tm 
ntofk pupto w*r* abb to exprca* wfcal 
r.Utionaklpa to^toto* to# frfb* «>) Tb# 

* rra nv rctoticuhipa ba tirt«B Ito b*w ta 4 to# 

did bat *m to* 
14) Tito fetotoai 

mot to# abUKtoa 

iNf the I Q. and to# DiffcrOTUaJ Aptiiod* Tm 4 « 
Atotraat 1 #— a* tog t tb# towaai, b*t«*r, tor 
tblHUaa and tb# Diffaaaattol ApHtudft Teats***#* 
R^iatioaa 

Sakner, David 8. o«W Jack R- 
Prymieb OrUflcAtion Requirement* in 
MAthematl^ end Science 

F'obUm - To determine the owrU ft e itt o n reo'jlre 


, _ rw t*» io<tai ro d * * reo-- 

h«o 4e*r« k»d ••• Ate** r*0»*r»^ * rooro ^ ••*- 
, .« r — ;,. Omb ton- —o*oo roeahio* 4 w 
, rr , W ^roeorotW. ra«atr«S oAAirteool 

pwpoiass- t* the too^tx *e« f« 

1 Ktohe- rentkntoi The minimam r«e 

«siroJ r hoori to n-. the-r »' t, - « h»4 » r»o«o 

ai m« to U, *ttk o moA* o< II 0*4 o ooooo 
11 1 Minbrao ortutAo io,»a*J««*o r**«o4 fro* 
„ t. U — >-»», wSSA o boAo at I* o*4 

nt^T^ot* i*»4^ tr ~ H t. I4 «4th . oih •< 

II o*4 o W 1AA Tw«tT Stoteo ro*oir*4 

mum work to po rt lr--, hr iiw ^ 
amif « 4 sM »4 

oootpiokod TWo « iorit «4 

-stnelft Iiteo rr.tr.tmot prwpo.ott^. to 
UT AoroeeiMet woo H « pi vi/ooekwol 

r f LAui. woo W* 4 o«w»r*W t w L 

tt, ■« piopoi-oUoa. TW* * >«m o t U> *• o i 
MO mart ml aiOfnrm oeioUooi 
UtwwtWwi the U oHo4 *4ok» 

3cHP<nMi Ram CEL. A Study of 

Scieiwe And M»Ui«£n*tic* Cour*** 
Elected by the Senior CIka* »»d 

Number of Seoioni Who Flenned 
to S pecialty* in Scientific Fields in 
AcRtirnt (i Hifii Scbool* in New York 
City. 

r-cMrr Tt determine whot p ropesUo* M »» 
ta or* etodjtrj mtimt* o*4 
iiimiat fo determine bt>« oeeiy W#h nhnoi 

log fetri pkooptop to ettemd rotte*«. »• 

»r,d STL* T® ’ 

totaraatftd to 



i and fetur# r*J ton Tto data ■ 

war# obtatoad af to. 
^ pnpila to rwr^^ to 

niaa# al aU *£*- 
ciaara to Hto 

fork OHr toaa to tot aatto® m a wl^to (I> 

York Oitr amton ar# to ia!k|* to 

guenbftm and 4t p^e^t ‘ 
a faraar to to# aw# rf 
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i I ) More eerh •• - 
!b tto? p 
to fo«j paw «f 


RKREABC H IN TEACHING OF SCtBNCSt 



*rw* (4) rw 

tirNe* Twi C» htotio* to 

tto numb*? ■# pt.j iM w-ho nMH aiftrei«r* to 

BcHlMJNGn f t^tt iCi Ri C H Ajtn, A 
Study of Evaluation of Sponsored Pro- 
grams for H Lg h S€h«x>i Helen ce and 
MathemaUe* Teechen During the Sum 
mer of 19 ME 
Tv 


to rr ii gr tU p as*,#*: rf 

itftHiL aH-ftt* erf p*m*t 
pftAta ft*4 .,f tto pMjrrftsft _.f p^isus^r 



fto to ft ftp * — A* tMtok a# ito grfftiim of tto pft®- 
dft#pftBt» fcto ftto Lto4 44 p4M^e»| toU ft to- toiici 
it » as — tor V mb! Ufc»t M pftft 



tto mftior obtocai^ft, ftmpm^ mm t of tto atoM 
awtfcftf oamp4*^m^* of tto pert irtpftata. w« »- 
msjUMtoel Ap pftmtlr a *«to •ft'to* for |rr**U' 
ftls eoBrcea ta eottteat o oeft bto to srt^ » m&c* mm- 
m torn tod fttt#r U « to K O- 

Bchuumak, Miitn The Effect on 

Learning of Two Types of Film Intro- 
ductions in Ninth Grade t reneral Sci- 
ence. 

itoer 4 tor,-*Dwwl J wiatm- 

P *x*hl* m To imrmmtitmu tto ralatftev tohtos «f 
H» P<totf^ft ft) »► 

gpo*M» tMeto is ft iw*£r**&mm4 Abe 

«e A* trrmeiUU ftiwf totoyto ratoi of f*et«aJ ft»- 
Wwmto fr» tto Aim to tor* fthnlMr 

of fU fiftir r» 

i of i 

prtpftrto by tto Is* 

UTf- Tbes* 

meorporetto is two ooptoi of tto 1 
«»® Aiito 

Two expert m«B tai froepft (I tto U), 14* ; 

tK 

I was ft town tto Aim 

n m toup 

II wm fttorwn tto Abe ftrttb tto B^atJro letrtoe#* 




ft*ft^»to to tto ft^ftO Mr / 
rvMto ftqa*. nto C f 

1 t e — tw U fto I«trtlwto 7 

porwlto witfcth ft ftcto&fift AJ* m m r» 
ft t ,» tortto from tto Ust, aw 

•r n. 0 * fttft n«ft u fftftt wtoto wmwtiftW s 
►■V -r ^ftft fftpftN f* t r Wfti«>* pet*s»rtii» ■# feats*! 
> ? * -? *a !.% »r- from tto Ala i » « rtoi tt t rf T'» 
ft veto ftito# rk«H^i, » ft^5 1 r L Q. 

* ftift ■ s •:.# - :*,m,x U? toft o€ « tot tto* hmmm i mm* 
ftftor Aba r kftt n, aa *a«»pftrto » O. 
HOI «f *ap*^ ft lit ta tortor L % l ipajtCa 
erf typ* <M ioutotoaioto a to ft ■ Lcrwm *f iaatoUt* 

rft^fttB. . Smv ■ V wtta fcA *v*rfc#* L 4 U P«^®t Mil 
f rora ft > Ato, faij’-,- to to ' Nftt • tt-l 1 1 ® 

fftrtor ft*^ wrtor I w| 'f... 1 *• '*r iaa 


u;»# 

SRBLDON. ThOMAA PvN ALli A Study 
of Scxn* Factor* Inrdfri in N#w Tort 
State's Secondary School Science In- 
struction in ConnectiOT with RmuIis 
O btained by Stodento cm State Ejecta 
Eli mine tion in Biolf^y, Chemistry, and 
Phymka, 

Prtoto r ft Tft toemftft* tto tor* tie** t Ai^w- 

fc <- ♦ .~ft 1 ** r « ftf t, § t\s; n ^ erf ■ trmftft *%lr4 
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Mnreement hi ttei^ oi the aeiettc* 

teachers rote. 

PnecteMias. — the opinion* of writ- 
**» in the StttAhn of asienct location, the fit 
compe tencies selected — the— needed by eeier.ee 

tee ah tra were ecveBzeed under the $ rake as- 
eicned by e ratine form 0, 'The California Def- 
inition of Tso ch s r Competence". The troops of 
judge* were ro m pe d «f foutesUou educates* 
science educator*, arise## McWn, end kWoI 
administrators, For rati®* the competencies a 
five-point sea l s wma d#ri«te the! p -ovided m 
plsee for ite Jtegee to truHcate whet rrrphsma 
the training piwrmto -bould pine# ee the §# 
comp et sa ri s *. 

AW«vi . — The fmmde&m educators, by the 

•tendard deviation of the distribution of ratings 
from the mean , wer# the moat inconsistent *M 
l be administrator* th# cs^wt eeneisteat. Tte 
***** showed a btgb level of ntgaiftcaace in the 
'***» where there wee a considerable diffe rence 
hi opinion. I* fence* the four groups of 
judges p e r cei ve d the roic of the arisaec A nrhsr 
in much the tin? way, with sons# significant 
differences speeffie i itaai . The judges, 

with some exeeptioes believed that for most of 
the competencies equal should he ghun 

hi pressrvitu and Incur i <ee tnmfeg. 

The hat of competence* needed by the srienee 
teacher should help sMshUfh criteria for seieet- 
in# and evaluating Selene# teacher*. 

Stokes, Howard. Aptitude* and At- 
titudes^f High School Youth in Regard 
to SdWco as Related to Several 
Variables. 

PniUwt .— Tfee aptitudes and attitude* ot hi*fc 
school youth toward s ci e nc e and sdcit^s and 
the relat io ns h ip* of tte factors to each oth^ 
and to personal trafte of th# youth w*ve sur- 
veyed. 

Proeedmr ca — The Purdue Phyeioel Science Test 
to n— ir* aptitude and Ik Purdue Opinion 
Panel to measure attitudes- w#r# administered to 
a nationally representative earn pie of MM pupils 
hi gradss 10, 11, and If. A rtlt edss and apti- 
tndss were related to each other — will as to 
othdf personal data such — grade, sex, lucidsan 
(rural or urban), mother'# education. and sorio- 
economic sUtns, Correbttfcraa! and analysis pj, 
variance techniques were employed. 

Finding*.— In general, the pupil# expressed fev- 
orable attitndss toward science as a — hurti- 
tut ion. Attitude toward scientists and aptitude 
In science were signifteeMiy related, hut attitude 
toward science — a vocation and aptitude in 
•ehass were not. Attitude to science ae an in- 
stitution, to setenee as i vocation, and to scien- 
tists were closely related to the pupOs* grades in 
teleaee and to their s ocio e cono mic status Atti- 
tudes in regard to th# otter criteria varied with 
certain personal factors. 


Stonk, Dorothy F. Modern High 
School Biology : A Recommended Cours* 
of Study. 

Mai* r A**imr .—. FreAartek L. FtUpattriak. 
Pr obl em .— Th develop a modem course d rtody 
for high s ch o ol bi o lo gy that will include rvorr.t 
findings hi otology and unifying concepts 

r*e flsd s r fff— Cnrrer.i fexthoote and mmrwm sf 
»My in high school bi o l ogy were g f d e wed ul 
evaluated. Proposal* for m new course wese tub. 
fitted to m group cf expert-* and a eourm tmU 
Ktic and related material* ware dev el op e d 

Findings — The material* revealed little —stent 
on recent findings in biology and only miner *1 
testier: to theories and unifying concepts. The 
theme of the p r o po se d course is* '"The teterier 
of Hring things is o rder e d by the coast* nib 
changing tn fiuen## of ttefr biological, chemical, 
physical. and social environments." 

Taylor, Thomas Wayn*. A Study 
to Determine the Relationships Between 
Growth in Interest and Achievement of 
High School Science Students and Sci- 
ence Teacher Attitudes, Preparation, 
and Experience, 

Prediem.— To determine the rrfatiosikip be- 
tween growth la iaturest and achie veme nt of 
High school ssi sa pt students and erieaee tsactef 
^ttltudm, preparation, and experience. 

P rocedur e* . — The study covered IS tcsehgr* ritb 
one das* each. Teacher attitude was ahmsurte 
by the Mjaaeoota % T e acher AtfitshT hwstay, 
ate other te a cher factors were determined from 
administrators' reeorda. Student galus (or 
k— es> fas seise— interest ate sehlivmsout were 
m ea su red by daa«« fay scor e s on the CaHf— nie 
Occupational Interest I^rgitcry ate the Irieact 
Section of the TmwrdUl Jilgb School Content 
Battery from the World Booh , Company. Th*# 
ia s gTi m swf provided I,lM *gi MSS usable mU 
d paired (pre- ate pogt taA ) iss r is. rs sp ec- 
ti^. , ✓" 

PhuHags. — The four teteher- related factors of 
attitude, *sm s rier botes of pteeorieaal educa 
tUm t itm mtw hews of origans, ate years <rf 
teaching experience, wh e n e eu sidsr c d singly, 
do act have a positive ce m al a t ier, with student 
interest or sihlsTi msul 

The di fference fa growth hi Interest of stu- 
dents of fte-thue science teachers ate those of 
part-time science teachers Is highly significant 
hut a difference la achievement of those two 
groups is act. A composit e of other teacher fee- 
tors falling above the medico produc es significant 
changes ta se i ernes achievement, hut not la in- 
terest. 

Tyrell, John A. A National Surrey 
of tiie Opinion a* to the Most Important 
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A 

Areas in High School Biology and an 
Achievement Test in These Areas. 

Problem.— To determine teachers' opinions a* to 
most important »m» in high school b4olo«T and 
to construct an achievement tort to thane arena. 

Preoedaree.— Two thousand members of the No- 
tiona) Association of BiotofyTencbers wars asked 
u» name the one mart important area and the 
on « least important area in biology. A Hat of 
*4 most frequently named areas was made and 
,* n t to the same troop with the request that 
they select the three most important and the 
three Mart important arena. An achievement 
tail based on the areas thus determined to be 
the meet important was then constructed. 

Seventy- ft Te bioloty teachers were as ke d to 
criticise the test; and in order to ascertain the 
decree of discrim i na ting and of difficulty, ft was 
ftdministerod to St other biology teachers. 

Fmdkn 0 *. — The four most important areas ap- 
peared to be biological principles, conservation, 
ntirnTis) Ufa processes, and human physiology. 
The average score la these areas was slightly 
less than St percent. 

It would appear that there is a wide variety 
of opinions ss to tbs important areas in biology, 
and that tbs performances on this tent do not 
represent high achievement. 

Victor, Edward. What Kind and 
What Amount of Help Do Our Be- 
ginning High School Science T eacher s 
Need? 


Problem. — To ascertain in what area# the be- 
ginning high school science teachers, with and 
without adequate ooDege backgrounds in science, 
feel that they need help. 

Procedures, — fifty-two beginning high school 
science teachers without adequate ooDege beck- 
grounds In science and M qualified beginning 
teachers in Masse rfinsstts were > sle eted at ran- 
dom. Twenty-one practices commonly associated 
with science teaching were presented to these 
t seekers in n questionnaire. They wore asked 
to indicate for each item whether It required 
“much help,** “some help ? 'little help/' or “no 
help/* Numerical values of I, I, 1, and sere 
were made for these evaluations. Assignments 
ami Hesse were ranked in order of amount of 
help needed. 

A ecaiogram was constructed, using the H- 
teehniques modification of the standard Gutt- 
scaling technique The 21 “ n eed hel p” items 
were classified into 7 broad arena. Numerical 
responses were totaled, average, and ranked for 
each area. 

Findings.— Both ranking and scaling techniques 
revealed that the teachers in each group felt 
that they needed much help in all 21 areas. The 
ranking of the seven broad arses Indicated that' 
qualified science teachers were most concerned 
about locating and selecting science materials, 
supervising science projects, and using appro- 
priate teaching techniques in that order. The 
unqualified science teachers were concerned about 
identifying, using, and ordering science equip- 
ment, supervising projects, and locating and se- 
lecting science materials. 
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1967.) 

Nelson, Clarence A. Evaluation of 
Objectives in Science Teaching. Science 
Education, 48:20-27, February 1989. 

Newman, Eajll Nelson. A Compari- 
son of the Effective ness of Three Teach- 
ing Methods in High School Biology. 
( Unpublished dissertation for the Ed.D. 
degree. University of Oklahoma, 1967.) 

Norton, Daniel P. Relationship of 
Study Habits and Other Measures of 
Achievement in Ninth-Grade General 
Science. Journal of Ex perim ental Edu- 
cation, 27:211-17, March 1969. 

Oakes, Mebvtn E. Three Classroom 
Procedures for Presenting the Concept 
of Mechanism in Biology. Science Edu- 
cation, 43:82-84, February 1969. 

Ostlund, Leonard A. A Scientific 
Evaluation of a Scientific Program. 
School Science and Mathematiee, 69: 
207-18, March 1969. 

Piebce, Edward F. Modern High 
School Chemistry. New York: Bureau 
of Publications, Teachers College, Co- 
lumbia University, 1969.* 

Poetee, Marjorie Ruth and Ken- 
neth E. Andrrson. Study of the Re- 
lationship of Specified Abilities in 
Chemistry to Each Other and to Intelli- 
gence. Science Education, 48:12-19, 
February 1969. 

Pugno, Lawrkncb. Science Teaching 
and Classroom Research. (Unpublished 
dissertation for the Ed.D. degree. 
Teachers College, Columbia University, 

1968.) 

Rand, E. W. and William F. Brax- 
txll. Priorities in Reappraisal for Sci- 
ence Education in Louisiana Schools. 


* On* ia • Mriw of itodWa »t Twitoi fiftn 
under the naepteee of the Sctoaeo Manpower 
Project 


School Science and Mat hemat ic*, 68 : 
788-40, December 1968. 

Reynolds, John C. The Organisa- 
tion, Operation, and Value of a Science 
Fair Program. (Unpublished disserta- 
tion for the PhD. degree, Oklahoma 
University, 1967.) 

Roiinrttk, Walteb R. A Descrip- 
tive Analysis of a Science Education 
Workshop and Outcomes as Reflected in 
Classroom Practice. (Unpublished doc- 
toral dissertation for the Ed-D. degree, 
Alabama Polytechnic Institute, 1967.) 

Rooms, William P. What Do Chil- 
dren Believe? (Unpublished doctoral 
dissertation, Boston University, 1967.) 

Roper, Keith Ibl. The Utilisation of 
Industry Sponsored Instructional Ma- 
terials by Colorado High School Chem- 
istry Teachers. (Unpublished disserta- 
tion for the Ed.D. degree, University of 
Colorado, 1967.) 

Rosen, Sidney. Origins of High 
School General Biology. School Science 
and Mathematic $, 69:478-89, June 1969. 

Rosenbesg, Milton. The Ability of 
Eighth-Grade Pupils To Indicate Un- 
derstandings of Three Simple Machines. 
(Unpublished doctoral dissertation, 
New York University, 1967.) 

Sarner, David S. and Jack R. Fey- 
Kiel Certification Requirements in 
Mathematics and Science. School Sci- 
ence and Mathematic*, 59:466-60, June 

1969. 

Schenemg, 8amuk» An Evaluation 
of the 1968 Summer Institutes Attended 
by Science and Mathematics Teachers 
From the New York City High Schools. 
(Board of Education, 110 Livingston 
Street, Brooklyn 1, New York, 1969.) 

. A Study of the Science and 

Mathematics Courses Elected by the 
1966 Senior Class and tho Number of 
Seniors Who Planned To Specialise in 
Scientific Fields in the Academic High 
Schools in Now York Chy. (Board of 
Education, 110 Livingston Street, 
Brooklyn 1, New York, 1967.) Also in 
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Science Education, 42:226-48, April degree, University of Washington, 


1958 . 

Schlrsinoer, Frederick Richard. A 
Study of Evaluation of Sponsored Pro- 
grams for High School Science and 
Mathematics Teachers During the Sum- 
mer of 1966. (Unpublished doctoral dis- 
sertation, The Ohio State University, 

1957 . ) 

Schokpfim, G. K. and D. L. Arnold. 
Correlation of High School and College 
Grades In Physics. American Journal 
of Pkytice, 26:687-69, November 1968. 

Scbulman, Milton. The Effect on 
Learning of Two Types of Film Intro- 
ductions in Ninth-Grade General Sci- 
ence. (Unpublished dissertation for the 
PhD: degree, New York University, 

1958 . ) 

Scott, Donaid Thomas. An Analysis 
of Teacher and Student Opinions of an 
Experimental Method of Teaching High 
School Physics Through the Use of 
Films as Compared to Traditional 
Methods. (Unpublished dissertation for 
the Ph.D. degree. University of Wiscon- 
sin, 1969.) 

Sbhdon, Thomas Donald. A Study 
of Some Factors Involved in New York 
State's Secondary School Science In- 
struction in Connection With Results 
Obtained by Students in State Regents 
Examinations in Biology, Chemistry, 
and Physics. (Unpublished dissertation 
for the Ed.D. degree, Syracuse Univer- 
sity, 1968.) 

Sbormakrr, Byrl Raymond. Ade- 
quacy of Related Technical Instruction 
in Vocational Trade and Industrial Ed- 
ucation in Teaching Principles of Math- 
ematics and Physical Science. (Unpub- 
lished dissertation for the Ph.D. degree. 
The Ohio University, 1967.) 

8hradkr, John S. An Investigation 
of Instructional Problems Encountered 
by Beginning Secondary School Bcieoce 
Teachers in the Pacific Northwest (Un- 
published diseertation for the Ed-D. 


1967. ) 

Sister Ernestine Marie. The Com- 
parison of Inductive ami Deductive 
Methods of Teaching High School 
Chemistry. (Unpnblished dissertation 
for the Ed.D. degree, Boston University, 

1968. ) 

Spore, Leroy. The Competencies of 
Secondary School Science Teachers. 
(Unpublished dissertation for the Ed.D. 
degree, Stanford University, 1968.) 

Stoker, Howard. Aptitudes and At- 
titudes of High School Youth in Regard 
to N. Variables. Purdue Opinion Panel, 
Poll No. 60, High School Students Look 
at Science. Division of Educational 
Reference, Purdue University, Novem- 
ber 1967. 

Stone, Dorothy F. Modern High 
School Biology: A Recommended Course 
of Study. New York: Bureau of Publi- 
cations, Teachers College, Columbia 
University, 1969.* 

Taylor, Thomab Wayne. A Study 
To Determine the Relationships Be- 
tween Growth in Interest and Achieve- 
ment of High School Science Students; 
and Science Teacher Attitudes, Prepa- 
ration, and Experience. (Unpublished 
dissertation for the Ed.D. degree. North 
Texas State College, Denton, 1967.) 

Thaw, Richabd Feankun. Teaching 
Load of Teachers of Science in Oregon. 
(Unpublished dissertation for the Ed.D. 
degree, Oregon State College, 1968.) 

Tyrell, John A. A National Survey 
of the Opinion as to the Most Important 
Areas in High School Biology and an 
Achievement Test in These Areas. (Un- 
published doctoral dissertation, Boitfera 
University, 1968.) 

Victor, Edwabd. What Kind and 
Amount of Help Do our Beginning 
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Science Teachers Need? School Science ence Education in Iowa State Higi 
and M a thematic t, 68:550-54, October, Schools. (Unpublished dissertation for 

the Ph.D. degree, State University of 
Voss, Burton E. The Status of Sci- Iowa, 1068.) 
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Research Studies In College Science 


Introduction 


4 NUMBER of the 1967-59 studies were devoted to the college 
training of future elementary and secondary science teachers. 
Most of the studies of this nature are included in the present sec- 
tion on college-level science education; but several, judged more 
appropriate for inclusion under the level for which the future 
teachers were being trained, appear in the elementary and second- 
ary sections of this publication. The reader interested in the train- 
ing of science teachers for elementary or secondary school will 
therefore want to examine the abstracts and lists in the sections 
pertaining to all three levels. 

The complete list of research studies in science education at the 
college level contains 68 titles. From this number, 13 abstracts 
were selected and edited for the present publication. 1 


Analyst* 

The increased number of research studies in college-level science 
education during the 1967-69 period under review indicates that 
more researchers than ever before were interested enough in the 
issues related to science education at that level to bring these issues 
into public view. The variety of the studies reflects both the di- 
versity of factors affecting science teaching and learning, and the 
operational usefulness of the nine categories of investigation sug- 
gested by the U.S. Office of Education and the National Association 
for Research in Science Teaching : philosophy and objectives, pub- 
lic policy, curriculum, learning, methods, facilities and equipment, 
administration and supervision, teacher education, and evaluation. 


ItvSM t* W tow ffcy mmd Ofc|*ctf <v— 

The only abstract of a study related to the philosophy and ob- 
jectives of science education at the college level that was selected 

l Amwonk (or both Hst and abatracta t* alphabetical by author, th« abatraeta starttor 
on p. 74 and the aomplrta Hat on p. 79. 
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for the present publication is the abstract of a study by Pings deal- 
ing with the epistemological aspects of modern physics. Other 
studies, however, dealt with measurement of growth toward va- 
rious objectives of science instruction at the college level. 

m i *-»-*--* a* H i — - 

No studies were wholly within the field of public policy, although 
the one by Lehmann and Nelson relates to identifying, encouraging, 
and developing science talent Employing a questionnaire of 50 
specially prepared statements, Beknke studied the opinions of a 
randomly selected group of 621 science teachers regarding certain 
issues and problems in science and science teaching and compared 
their responses with the responses of a selected group of 70 promi- 
nent working scientists. Item analysis revealed marked differences 
between the teachers and scientists on many responses, especially 
those related to the nature of science and science teaching. On the 
other hand, little or no differences in responses were found between 
subgroups of teachers separated out on the basis of such factors as 
amount of course work in science and in education, type of college 
or university attended, and length of teaching experience. 

t» l «tod to Hto Cmrr Itmlmm 


Studies by Fribourg h and by Vivian in biology and conservation, 
respectively, provided bases for selecting course content Helms 
designed and built equipment for 11 new experiments relating to 
alternating current in college physics courses. 

b to M to l i w t li i 


Probably the most regrettable deficiency in the overall research 
picture of the 1967-69 period under review was the limited prog- 
ress, if any, toward a better understanding of how learning in 
science takes place. Not a single study abstracted was found to be 
wholly within the learning field of investigation, although a few 
were indirectly related — notably Welch’s study on motivation. 

AUerman, dealing with the application of physics principles, and 
Novak, employing a traditional and a problem-centered approach 
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to botany, compared methods of instruction, using as major criteria 
published tests, tests prepared by the investigator, or both. 


U lt H 4 ** *•*!«»«»•* M wi ft 

None of the studies dealt exclusively with facilities and equip- 
ment Some, however, especially those related to methods and to 
curriculum (if their conclusions were further validated), would 
indicate need for certain instructional facilities and equipment. 


A study by Lehmann, and one by Lehmann and Nelson, on the 
characteristics of honor students have implications concerning 
administration and supervision, though neither lies wholly within 
this field. 


Chamberlain and Eeget completed studies relating to teacher 
education. The former study analyzed pVe- and inservice programs 
in teacher training institutions, and the latter compared effective- 
ness of science methods courses and courses combining science con- 
tent and methods of teaching. 

Two studies were primarily in the field of evaluation. One, by 
Esget, developed an instrument to measure student growth in 
courses for elementary school science courses. The other, by Stuck y 
and Anderson, dealt with factors affecting student’s length of stay 
in college. 

Several other studies by Alterman, Brasted, Lehmann, Lehmann 
and Nelson, and Novak were partially in the field of evaluation. 
Published tests, and testa and questionnaires prepared by the 
investigators were used to evaluate academic achievement, measure 
aspects of problem solving in science, and obtain information about 
the respondents ahd, in some cases, about the schools they attended, 
the communities in which they lived, and their families. None of 
the new means of evaluation stands out as having more validity 
or reliability or as being a truer criterion of learning than the old 
means. A few of the studies made skillful use of modern statistical 
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methods for analyzing test results. The need still remains, how- 
ever, for tests (or other means) to measure more accurately than 
now is the case how well students can use facts and principles as 
well as recall them. 


A number of suggestions for future research in science educa- 
tion emerge from a study of the present research. These sugges- 
tions are based on the following assumptions : 

1. Scientific processes can be applied successfully to the problems of 
teaching lea rning in the. science classrooms and the laboratories. 

2. Student achievement in each of the commonly held objectives of science 
instruction can be measured (provided that valid measuring devices 
are available or sufficient time and talent are given to developing 
valid inrtrmuentj, ) 

If these assumptions are valid, the following suggestions 
should also be valid : 

1. To develop a theory of learning in science and from this theory to 

formulate and test the factors that affect learning. (Personal, social, 
and physical-environmental factors might be involved.) * 

2. To develop checklists, -scales, questionnaires, and other means for : 
measuring those factors, and to develop teste (or other Instruments) 
for evaluating student achievement in each objective of science teach- 
ing. (To realize the full potential of the new methods for statistical 
treatment of data, those data must be both accurate and pertinent) 

3. To develop effective avenues of communication among researchers in ; 

science education in order to transmit such precise information con- 
cerning the problems, procedures, and results of a study that a 1 
competent reader with adequate resources could replicate it. ] 

Many of the science teaching studies carried out in the nine 
fields of investigation recommended by the National Association 
for Research in Science Teaching would be difficult to replicate • 
solely from the reports usually available in professional publica- 
tions. Without adequate communication, a program for research 
to improve science teaching would have small prospects of achiev- 
ing worthwhile results. 

Research in science teaching at the college level continued to 


emphasize conventional-traditional factors. There is need for 
emphasis on the dynamics of personality in determining not only 
what people learn but how they learn, for emphasis on the learner 
and not the teacher techniques, on process rather than things, on 
emotional adjustment and personality structurization, on how the 
learner feels about himself and learning, on group research, on 
cooperation in planning and evaluation, on outcome and process, 
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on un jt>’ of effort rather than diffusion. However, the psychologist, 
statistician, and science educator must learn to work together, 
since it now appears that they are working in an uncoordinated 

fashion. 

Most of the studies were designed to meet doctoral requirements. 
Unfortunately, the search for dissertation problems that are 
unique and unexplored seems to produce independent and un- 
checked studies, seldom continued post-doctorally and seldom 
pursued in sufficient depth to identify a theory of learning in 
Science or to sharpen criteria for testing such a theory 


*■ 


Selected Abstracts 


ALTmMAN, Gaoaaa. a Comp*ri*on of 
Gifl Effect! varies* of Two leeching 
Technique* on the Ability of Co Lie** 
Student* to Apply Principle* of Phjiic* 
to New Technical Problem*. 
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Behkile, Keancts L Opinion* of * 
Selected Group of High School Science 
Teacher* and ScientUt# on Some l&eue* 
Related to Science and Science Teach- 
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.. r t and Stataa of Toacher I4aceti«i 
- -he Field of Science for the 
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E*arr, Mti» H. Developing and 

rung an Objective Injtromant to 
Mnuurt Student Growth in Colima 
Elementary School Selene* Coarae* 
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laboratory Initructioo in Alternating 
Current in the Collar* I’hfa-f* Courts 

M^MPr ifawy — J Lto/r^fl “arr*p# 

tg^ b^rtwi «- 



riftj ^ p-l’ lB 

(«l^d rttd W i i^ry «f 

fc»4 toJbw^iorf «pr^« *® *iwr*a ti»g 

ittAr. to 

rwr») pkr*U» t»owlw» "TW* arU^tk. Ikm 
to ikpproprhm prtweipto* 



who tUpndffd th# ito^itod m*<bod tod tern- 

toBt tour* »bcw«d .itrJfteaBUy higbm film t» 
tttonn# kctrv^M tod urKtor#to»dtt\«# than did 
tb,i## v bo #tt#r»d#d tb# 


=U w -** »he*rm th#t BitormBliB* ear* 
raist b ef *#ior lamorto**# is th# l*w «rf 
i~«a* but that teUi* litotra^tion fr. It to 

* n d tha t th# BRtourt a# rtBuw B&atorUI 

rtr. tba top to mto to b# |ncr****d Th# *■ T,I) 


u 


research in teaching op science 


concrete result, wererUj an original preaen- 
UUon on r-onance. 'TS) , , rt of 52 principle, 
in alternating current, (S) a procedure for de- 
veloping new experience*, (4) identification of 
6 type, of problem, encountered in conatruction 
of ner* apparatus (5) development of 11 new 
experiment, for tearing alternating current, 
(S> 12 new piece, of apparatus for teaching 
alternating current, and (?) . ,tyl* of expert- 
menu new to college physic*. 


Lehmann, Irvin J. Some Character- 
istics of Honors-Section Students in 
Natural Science at a State University; 
A Followup. 

Problem — To follow up th« original group of 
•iudenp enrolled in spedaj section* of Natural 
Hciencc at Michigan 8t*U University order 
to obtain their reaction* to this novel experience 
*nd compare their achievement with that ahown 
by student* in a regular section. \ 

Procedures.— The sample consisted of 114 stu- 
dents in 4 honor sections and 286 in 8 regular 
sections. Reactions to their experience were ob- 
tained by means of questionnaires and personal 
interviews with a random subaample. The grades 
of Students who moved from one section to 
another were obtained and comparisons were 
made. 

Findmgs. (1 ) The majority of students in the 
honors sections were pleased with their experi- 
ence. (2) Honore-eection students considered fre- 
quent quisles, assigned readings, motion pictures, 
slides, and filmstrip* more effective methods of 
learning than lectures. (8) Honore-section st»- 
< * en * # are no * Averse to undertaking additional 
work provided quality la not forsaken ftor quan- 
tity. (4) The laboratory work is better received 
and more highly valued than lectures as means 
of Teaming natural science. (6) Honore^ection 
instructors tend to be more severe than instruc- 
tors of other sections in their grading practices. 

Lehmann, Irvin J. and Clarence H. 
Nelson. Some Characteristics of Hon- 
ors-Section Students in Natural Science 
at a State University. i 

Problem. To leam more about the type of stu- 
dent enrolled in an honors sectidn, to ascertain 
what they would like to gain in such a section, 
end tg study differences between honors and 
regular section student* in ACE scorn and a pre- 
and boat-test scores on a test in natvfcd sciences. 
Procedures. — The sample consisted of 114J4 4 
honors sections and of 266 students In 8 reader 
sections. Biographical data and reactions to the 
honors program were obtained by means of a 
questionnaire. A random sample of 26 men and 
26 women were selected from both the honors 
group and the regular group. Differences in 
poettegt scores between the groups were tested 
for righifictince by analysis of covariance using 


(1) ACE score as a covariant, (2) pretest scores 
ss a covariant, and (8) both ACE and pretest 
score* as eovmriant*. 

Finding*- (1) Student, {„ th. untie aim. 
from ■ variety of- background* and were enrolled 
In nearly all the collar., of the university. with 
« Urg. number in engineering and the phyrieal 
eclence*. <t> The majority of the student, were 
from the upper- and middle-da** hornet (5) 
More honors -section student*. In eon trait with 
the other*, hoped and expected io attend grad- 
or profeaeional school;/ And ’a majority 0 f 
them had been in the upper thlyd pf their high 
whool graduating darn. had attended a public 
high school, and had father, in the profewlonal 
or white-collar darn. (4) Honoro-eectlon rtu- 
dent, had significantly higher mean pro- “and 
poet- teat and ACE scores even after adjustments 
were made for Initial abUity and intelligence. 
<6) The proportion of honor itudenta receiving 
•A" or "B" a, the final grade waa aignificarffly 
t “ n M»e proportion of regular section 
•tud#,ta reeeiring theae grade*. <«) Honor,- 
wctlon students do not wUh to more so rapidly 
through the eourae that thorough mastery i. 
Jeopardised. (7) Contrary to the common belief 
that grouping gifted atudenta in apeeial section, 
win result in their higher intellectual stimula- 
«on, the data suggest that th* majority In the 
■pedal Melons of th* experiment were only 
ggfc^jl^Wor slightly Simulated by their fellow 

Novak, Joseph D. Experimental 
Comparison Between a Conventional 
and a Project-Centered Method of 
Teaching a College General Botany 
Course. 

Major Adviser . — Palmer O. Johnson. 

Problem. To compart student achievement un- 
der two method, of instruction in college general 
botany: conventional Jecturo-laboratory instrue- 
tlon and Instruction similar to It eacepf for 
claaawork orientation to prepare th* atudenta 
for 6 week, of independent- project work. 
Procedure*. Difference, in knowledge of botani- 
fMU * nd Principle*, ability to solve prob- 
****** and scientific attitude were unassured. The 
•tody involved 522 .tudente in college genera] 
botany. Th* «****• met twice weekly far 1-hour 
lecture* and twice weekly for 2- hour laboratory . 
during * 6-month period. Th* project-centered 
«roup had lecture and laboratory work 
to prepare them for Independent project work. 
(That work took the place of regular lecture* and 
laboratory work during the last 6 weeks.) Speelal 
t**t» designed to measure problem-eolriug ,MHy 
•nd scientific attitude were prepared by th* in- 
vestigator. 

Findings. — No significant differences in meens 
were found between the project-centered group 
•nd the conventional group. The former, how- 
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ever, was found to he significantly more variable 
a n testa of knowledge of botanical fact* and prin- 
ciples than the latter. Thi* suggested that the 
project-centered method might provide better 
for individuai differences. No significant change 
#as found in scientific attitude during the 1 
months between pre- and post- teats. 

Pings, Vern M. An Attitude of 
Science for Education: A Study of 

Epistemological Aspects' of Modern 
Physics. 

Major Adviser.— -Merle Borrowm*n 

problem .— To examine some of the epistemologi- 
es I aspects of the scientific revolution and deter- 
mine whether they have implications for educa- 
tional theory and research. 

Procedure^.— This study is a philosophical anal- 
ysis of classical and modern attitudes toward 
icientifle inquiry. The investigator outlined the 
classical scientific attitudes to develop a con- 
text for viewing modern physics. He then re- 
viewed experiments and descriptions of modern 
physics. 

Findings. — The investigator concluded that in 
classical science: <1) No "effect** is i produced 
without an antecedent "cause": It is within the 
competence of man "to know** the cause of 
events/ 5 (2) The universe can be analysed into 
distinct systems. (8) The "state** of these sys- 
tems can be described by dynamic variables which 
ire specifiable to any desired degree of accuracy. 

(4) If the behavior of several systems is known, 
some mathematical formulation exists which can 
demonstrate the interaction of these systems. 

(5) Scientific knowledge must he independent 
pf any specific observer. Nature thus consists 
of one objective reality which is "knowable** by 
all men in the same way. This elevates the meth- 
odology of science to a position where it is free 
from the desires, weaknesses, and actions of 
man. 

The investigator found that the operations of 
ev peri then tatlon of modern physics follow three 
steps : ( 1 > A system of object of study and in- 
struments by which to measure and describe it 
are selected. (2) The object of stuty is nufde 
to interact with another system. (8) Measure- 
ments are taken to determine the extent to 
which the second system changed the object of 
atudy. 

When scientists work with large distances and 
velocities, or in the atomic rShlra, the classical 
attitude becomes suspect. Einstein** theories 
demonftrateUfeat space and time must be rela- 
tivised to maks observations from coordinate 
systems coincide. This space-time continuuif Is 
not observed directly, but constructed by mathe- 
matical formalism from o bser vable events. For 
example, the sise of atomic particles Is so small 
and their energy content so high that the process 
of observing disrupts the system under study. 


If the belief is to be maintained that science can 
produce sure knowledge, a new attitude toward 
inquiry U required. 

Although an "actuality" is assumed, we have 
no means at present to make simultaneous meas- 
urements of all its aspects; we can obtain only 
complementary views of it. These views arc not 
ambiguous, if the frame of reference and deci- 
sions of scientists are included in their descrip- 
tions. Two implications seem apparent for edu- 
cation: (1) If scientific knowledge requires a 

description of the decisions and frame of ref- 
erence of the scientist, it Cannot be considered 
devoid of human values. (2) If scientific inquiry 
is to be encouraged to deal with the uncertain- 
ties of our technological environment, the edu- 
cation process cannot be committed to a single 
method or a single orientation. 

Stucky, Milo 0. and Kenneth E. 
Anderson. A Study of the Relationship 
Between Entrance Test Scores and 
Grade-Point Averages and Length of 
Stay in College. 

Major Adviser.^— Kenneth E. Anderson. 

Problem. — The study followed a freshman class 
through five semesters of attendance at the Uni- 
versity of Kansas and investigated the existence 
of significant differences among the means of 
placemen t-test scores and grade-point averages 
of the various groups of students, depending 
upon the number of semesters they remained in 
attendance. 

Procedures.— “Leslie’s modification of the chi- 
square test was used to indicate nonhomogeneity 
in frequency distributions. The standard error 
method, enforced by Duncan's method, was used 
in finding significant differences in means. 
Findings. — Generally, results showed that stu- 
dents with higher academic aptitudes stayed 
longer. Grade-point averages were more valid 
for predicting persistence than were placement 
tests. Men showed more variability in both grade 
.points and tests. 

Vivian, V. Eugene. What Science 
Principles are Basic to the Conservation 
of Soils, Forests, and Grasslands? 

Major Adviser.— J . Darrell Bsrnafd. 

Problem, — (1) To identify the problem of con- 
servation of soils, forests, and grasslands and 
recommend measures for their solution; (2) to 
determine the science principles involved In these 
problems and solutions; (8) to determine the 
relative importance of these principle#. 
Procedures , — United State* Department of Agri- 
culture yearbooks since 1836 dealing with conser- 
vation were analysed to locate problems, related 
principles of science, and corrective measure* 
for management of soil, forests, and grass l a n ds. 
The analyses were validated through judgments 
of couservayonlsts. 
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Findin 0 $. — In toil eoosemtkm. Itl problems 
were found; in forest emncmikm, SI; and in 
rrutkod eonMmUon, IS. Soil conservation is 
haalc to other aspects of conservation. Practices 
advocated to alleviate the pr oblem s of eon s er ra - 
tion numbered 1S2 for soils. 80 for forests, and 
48 for grasslands. The conservation practices 
were derived from, or were applications of. prin- 
ciple* of science. Thera were 178 science princi- 
ples dealing with soil. 74 dealing with forests, 
and 20 dealing with grassland*. 

Welch, Ellsworth W. Motivational 
Factor in Choice of Profession by 
American Scientists. 

Major Adviser — Paul DeH. Hurd. 

Problem.— To investigate factors in the Uvea of 
American scientists related to the development 
of interest in science and to the choice of scien- 
tific work as a earner. 

Pro c e du r e * — A questionnaire was used to iden- 
tify factors influencing the de ve lop ment of scien- 
tists’ interest in science. A total of lit scientists 
in the south San Francisco Bay area completed 
the questionnaire, making a 78-pereent response. 
From this sample, 101 scientists were int er v i ewed 
to amplify, clarify, and verify questionnaire data. 
Finding*.— The mean age of first interest in 
science was 12.4 years. Younger scientists tended 
to have become interested in science earlier than 
their older colleagues. The mean age of decision 
to become a scientist was 14.7 years, with younger 


scientists having made this decision at an earlier 
a#t than older scientists. Thera was no tignift. 
cant difference b etwe en mala ami female scien- 
tists as to age of decision. 

Tha order of importance of parsons who *r»t 
interested scientists in science was teacher, self- 
interest, father, relative, young friend, mother, 
and adult friend. Cbi-equare analysis showed no 
significant differences when categories of person* 
who first interested scientists in science were 
compared individually with tha following group* 
<a) male ami female scientists, (b) types of 
scientists, (c) younger and older scientists. Sim- 
ilar analysis showed no significant difference 
when the question of persons who most inter, 
ested scientists In science was considered. Per- 
sons who had most interested scientists in science 
were, in order of importance : fa) teacher, (b) 
self-interest, (c) father, (d) adult friend, (e) 
relative, (f) young friend, (g) mother. 

Character traits were reported of the teacher* 
vpiio had influenced the scientists in their choice 
of s science career The extent of teacher-in- 
fiueneed choice of career was about equally di- 
vided among “much,” “modera te ly.” and ”litil# 
or none.” The teaching leva! of influential teach- 
ers, in order of importance, was high school, 
college, post-graduate, junior high school, ele- 
mentary school Effective echoed activities, in 
order of occurrence, were general elaagwork In 
science or a specific science course, Laboratory 
work, clubs independent work and resea rch, and 
field trips. 
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Ada n 81 , Mabmood Ambtonu. Intro- 
ductory Botany in Land-Grant Colleges 
and Stata-Supported Institutions. (Un- 
published thesis for the master’s degree, 
Iowa 8tate College.) 

Altbuun, George. A Comparison of 
the Effectiveness of Two Reaching 
Techniques on the Ability of College 
Students to Apply Principles of Physics 
to New Technical Problems. (Unpub- 
lished dissertation for the Ph.D. degree, 
New York University, 1957.) 

Bass, Ju*t C. An Analysis of Critical 
Thinking in a College General Zoology 
Class. (Unpublished doctoral disserta- 
tion, Oklahoma University,' 1969.) 

Bkhnke, Francks L. Opinions of 
Selected Group of High School Science 
Teachers and Scientists on Some Issues 
Related to Science and Science Teach- 
ing. (Unpublished doctoral dissertation, 
Colombia University, 1959.) 

. Reactions of "Scientists and 

Science Teachers to Statements Bearing 
on Certain Aspects of Science end Sci- 
ence Teaching. School Science and 
Mathematics, 61:195-207, March 196L 
Boreas, Cam. William. Factors Be- 
lated to Success in Freshman Chemistry 
at the Pennsylvania State University. 
(Unpublished doctoral dissertation. The 
Pennsylvania State University, 1957.) 

BoacBB, Faro. An Evaluation of 
the Washington University Physkn 
Course as it Pertains to Premedkal Edr 
u cation. ( Unpublished doctoral disserta- 
tion, Washington University, 1969.) 

Brastbd, Bonn C. Achievement in 
First-Year College Chemistry Belated 
to High School Preparation.' Journal of 
Chemical Education, 84:569-565, No- 
vember 1967. 


Brenowitz, a. Harry. Reorganisa- 
tion of the Adelphi College Biology 
Curriculum. (Unpublished doctoral dis- 
sertation, Columbia University, 1969.) 

BreukelmaN, John and others. A 
Study of Problems Involved in Teaching 
Large Classes in College General Bi- 
ology. Transactions of the Kansas 
Academy of Science, 62:245-251, 1969. 

Brown, Clyde M. A Workshop in 
Teaching Elementary Science: An In- 
Service Training Program for Teach- 
ers. Science Education, 42:401-5, De- 
cember 1968. 

Chamberlain, William D. Develop- 
ment and Status of Teacher Education 
in the Field of Science for the Elemen- 
tary School. (Unpublished doctoral dis- 
sertation, Wayne State University, 
1966.) Also, in part, in Science Educa- 
tion, 42:406-409, December 1968. 

Childers, James M. High School 
Mathematics and Mathematics Place- 
ment Score in Relation to Achievement 
in Chemistry I at the University of 
Nebraska. (Unpublished theeis for the 
master’s degree. University of Ne- 
braska, 1967.) 

COLVtn, Luther. Comparison of Two 
Methods of Teaching Biology »t the 
College LeveL Science Education, 44: 
52-58, February I960. 

Crawford, George W. Graduate 
Preparations of Physics Instructors for 
Liberal Arts Colleges. (Unpublished 
doctoral dissertation, The Ohio State 
University, 1959.) 

DnAiBRN, Douglas M. An Evalua- 
tion of the Laboratory and Supplemen- 
tary Teaching Techniques Used in a 
College General Biology Course. (Un- 
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published doctoral dissertation, Univer- 
sity of Minnesota, 1959.) 

Decker, Willis I, Factors Associ- 
ated with Selection of and Persistence 
in Chemistry as an Area of Specializa- 
tion by Oklahoma University Under- 
graduates. (Unpublished doctoral dis- 
sertation, Oklahoma University, 1969.) 

Dworkin, Solomon. The Production 
and Evaluation of Fdur Sound Film- 
strips on the Subject of Atomic Bond- 
ing, Designed as a Substitute for the 
Live Classroom Lecture: A Case Study. 
(Unpublished doctoral dissertation, 
Syracuse University, 1968.) 

Eccles, Priscilla Anne. An Evalu- 
ation of a Course in Teaching Science 
in the Elementary School. (Unpublished 
doctoral dissertation, University of Illi- 
nois, 1968.) 

Ennis, Robert H. The Development 
of a Critical Thinking Test. (Unpub- 
lished doctoral dissertation. University 
of Illinois, 1968.) 

Esoet, Miles H. Developing and Ub- 
in^an Objective Instrument to Measure 
Student Growth in College Elementary 
School Science Courses. (Unpublished 
doctoral dissertation, University of 
Colorado, 1968.) 

Fox, Fred W. A Study of Practices 
which College Instructors Find Effec- 
tive in the Pre-Service Education of 
Secondary School Science Teachers. 
(Unpublished doctoral dissertation, 
The Ohio State University, .1967.) 

Fribourgh, James Henry. Recom- 
mended Principles and Generalizations 
lor an Introductory Biology Course in 
the Junior College. (Unpublished doc- 
toral dissertation, State University of 
Iowa, 1967.) 

Frings, H. W. and Joseph K. 
j Hichar. An Experimental Study of 
U Laboratory Teaching Methods in Gen- 
eral Zoology. Science Education, 42: 
266-262, April 1968. 

Gega, Peter C. College Courses in 
Elementary School Science and Their 


Relation to Teaching Problems. Science 
Education, 42:838-41, October 1958. 

Gucksbbbg, c. L. Conflict of Science 
and Ethics in College Youth. Peabody 
Journal of Education, 86:286-96, M^rch 
1958. / 

Gold neb, R. H. Individual Differ- 
ences in Whole-Part Approach and 
Flexibility-Rigidity in Problem Solving. 
Psychological Monographs : Vol. 71, No. 
21. Washington: American Psycholog- 
ical Association, 1967. 

Griffin, Elbert F. Relationships Be- 
tween Freshman Test Scores and 
Grades in First Semester General 
Chemistry. (Unpublished doctoral dis- 
sertation, Oklahoma University, 1969.) 

Handler, Shirley Wolz. The Use of 
Community Resources as a Method in 
the Teaching of Biology at the East 
Texas Baptist College. (Unpublished 
doctoral dissertation, University of Ok- 
lahoma, 1968.) 

Hannon, Herbert. An Analysis of 
the Mathematical Concepts Necessary 
for the College Physical Science Course. 
Science Education, 43:51-65, February 
1969. 

Hatcher, Benjamin E. An Experi- 
mental Study of Three Different Pat- 
terns of Student Participation in a 
General-Education Science Course for 
College Freshman. (Unpublished dis- 
sertation for the Ph.D. degree, Wayne 
State University, 1957.) ' 

Heiny, W. Lowell. The Status of 
Physical Science Courses for General 
Education Purposes in Selected Junior 
Colleges in the United States. (Unpub- 
lished doctoral dissertation, University 
of Colorado, 1956.) 

Helms, Rufus Marshall. The De- 
sign and Construction of Apparatus for 
Laboratory Instruction in Alternating 
Current in the College Physics Course. 
(Unpublished doctoral dissertation, 
New York University, 1967.) 

Hovey, Nelson W. and Albkrtine 
Krohn. Predicting Failures in General 
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Chemistry. Journal of Chemical Edu- 
cation, 86:507-9, October 1968. 

John, E. R. Contributions to the 
Study of Problem-Solving Process, 
paper. Psychological Monographs: Vo]. 

*1, No. 18. Washington: American 

Psychological Association, 1967. 

Kershaw, Edythe Marie. Technical 
and Professional Requisites for the 
Medical Technologist. (Unpublished 
doctoral dissertation, New York Uni- 
versity, 1957.) 

Knox, Conrad E. A Survey of Sci- 
ence Programs and Related Subjects in 
Oklahoma Colleges. (Unpublished the- 
sis for the master's degree, Oklahoma 
State University, 1958.) 

Lass, Lawrence P. The Value of the 
Anderson Chemistry Test for Predict- 
ing Success in College Science Course. 
(Unpublished thesis for the master’s 
degree, University of Utah, 1958.) 

Lehmann, Irvin J. Some Character- 
istics of Honors-Section Students in 
Natural Science at a State University. 
(Research project, Michigan State Uni- 
versity, 1957.) 

. Some Characteristics of Hon- 
ors-Section Students in Natural Science 
at a State University: A Followup. 
(Paper presented at 32d meeting of the 
National Association for Research in 
Science Teaching, Atlantic City, Feb- 
ruary 1959.) 

Lener, Walter. A Forced-Choice 
Rating Scale for Self-Evaluation of In- 
structors in Elementary School Science. 
(Unpublished doctoral dissertation, 
New York University, 1967.) 

Lepp, Herman I. A Program of Sci- 
ence for Elementary School Teachers’ 
Education in New Jersey. (Unpublished 
doctoral dissertation, Rutgers, The 
State University 1959.) 

Mallinbon, GeOrge G. and Conway 
C. Sams. A Comparison of the Knowl- 
edges of Physical Science with Those of 
Biological Science of College Students. 


$1 

Science Education, 42:20-23, February 
1968. 1 

Malone, William H. The Construc- 
tion and Use of a Test of Physical 
Science as it is Offered in the State 
Teachers College of Massachusetts. 
(Unpublished doctoral dissertation, Bos- 
t ton University, 1959.) 

McInnis, Sam Roper .The Status of 
Freshman Chemistry bourses in Texas 
Colleges and Universities. (Unpublished 
doctoral dissertation, Baylor Univer- 
sity, 1967.) 

McPherson, Clinton M. The Effect 
of Sound Motion pictures as Measured 
by Differential Achievement on the 
Motivation of College Freshman Gen- 
eral Chemistry Students. (Unpublished 
doctoral dissertation, Texas Technolog- 
ical College, 1959.) 

Michals, Bernard Earl. The Prepa- 
ration of Teachers to Teach Elementary 
School Science. (Unpublished doctoral 
dissertation, Stanford University, 1958.) 

Montean, John J. An Experimental 
Study of the Use of Discussion Groups 
in General Chemistry and General Sci- 
ence as a Means of Increasing Growth 
in Critical Thinking. (Unpublished doc- 
toral dissertation, Syracuse University, 
1969.) 

Morrow, Elman A. A Proposed 'pro- 
gram of Physical Science Education for 
Non-Science Students. Science Educa- 
tion, 43:66-69, February 1959. 

Novak, Joseph D. Experimental 
Comparison of a Conventional and a 
Project-Centered Botany Course. Jour- 
nal of Experimental Education, 26:217?/ 
280, March 1958. 

Olsen, Kenneth V. An Experi- 
mental Evaluation of a Student-Cen- 
tered Method and a Teacher-Centered 
Method of Biological Science Instruc- 
tion for General Education of College 
Students. (Unpublished doctoral disser- 
tation, University of Minnesota, 1957.) 

PakSons, Angus LeGrande. An Ap- 
praisal of the Academic-Year Institute 
at the University of Utah as Detef- 
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mined by the Opinions of Participating 
Students. (Unpublished thesis for the 
master’s degree, University of Utah, 
1968.) 

Peters, James A. A New Approach 
to Teaching Freshman Biology. Amer- 
ican Institute of Biological Sciences 
Bulletin, 7:14-17, June 1967. 

Pings, Vbrn M. An Attitude of Sci- 
ence for Education: A Study of Epis- 
temological Aspects of Modem Physics. 
(Unpublished dissertation for the Ph.D. 
degree, University of Wisconsin, 1969.) 

Rafter, Christopher D. A Compari- 
son of the Relative Effectiveness of 
Two Methods of Teaching a Course in 
Physical Science to Sophomore College 
Students. (Unpublished doctoral disser-A 
tation, New York University, 1967.) 

Reed, Gerald G. A Study of General 
Education in Science Teaching. Science 
Education, 42:243-262, April 1968. 

Riley, William R. A Proposed Grad- 
uate Credit Physics Course for Secon- 
dary School Science Teachers. (Unpub- 
lished doctoral dissertation. The Ohio 
State University, 1969.) 

Robley, Asa Austin. Usefulness of 
High School Mathematics and Science 
in Predicting First-Quarter Achieve- 
ment of Engineering Freshmen at Iowa 
State Collage. (Unpublished thesis for 
the master's degree, Iowa State Univer- 
sity of Science and Technology, 19680 

Solinger, Julian L. A Study of Col- 
lege Introductory Biology Courses. 
American Biology Teacher, 21 :21 6-226, 
October 1969 ; 21:298-807, November 
1969. 

ScOTTj Celia M. Determination of the 
Feasibility of Improving the Teaching 
of Introductory College Chemistry 
though a Case-Study Approach. (Un- 
published doctoral dissertation, The 
Ohio State University, 1969.) 


Shannon, Gail The Use of Com. 
munity Resources as a Method o' 
Teaching of Biology of the East Texai 
Baptist College. (Unpublished doctora’ 
dissertation, University of Oklahoma 
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Stommes, Martin. A Theory of Cur 
riculum Construction Centering in th« 
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lished doctoral dissertation, Stanford 
University, 1968.) 7 

Strauss, Samuel and Henry Brrch 
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cation, 43:85-41, February 1969. 

Stubbs, Ulysses S., Jr. A Compari- 
son of Two Methods of Teaching Cer- 
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Chemistry at the College Level. (Un- 
published doctoral dissertation, New 
York University, 1958.) 
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Stay in College. (Unpublished doctoral 
dissertation, University of Kansas, 
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Guidelines and Recommendations for Improving 
Research In Science education 


r EVERY PART of the country, in remote and populated areas, 
small school and large, an awareness has developed of the need 
(for scientific literacy and competence. Today a much more favor- 
able climate exists t-han ever before. The forces arousing this 
foncern prompt Federal, State, and local governments, as well as 
.private agencies and foundations, to make available many hun- 
dreds of millions of dollars to promote immediate and long-range 
(improvement in the teaching of science. This money has been 
spent for new facilities and equipment, added supervisory person- 
nel at State and local levels, new aids to learning, the upgrading of 
v^acher qualifications, and the production of new and unique 
-curriculum materials. Each of these is a worthy contribution, and 
[improvements, already evident in some parts of the country, will 
no doubt continue. % 

In all of these extraordinary endeavors, one factor seems to 
ive escaped the vision of those responsible for planning and 
I implementing the program. Scarcely any of the vast sums spent 
Iby Federal or State governments in this undertaking have been 
[used for basic research. This is difficult to understand in a Nation 
[whose worth and well-being are due to a large extent to science- 
related endeavors. More thought must how be driven to the many 
aspects of the vital teaching-learning process. 

The future vigor and impact of science on the young people who 
study it in school will depend in large measure oq the soundness 
if research design. Unless the procedures, processes, and princi- 
ples which make up the total of science education are based upon 
[knowledge tested and proved through careful research, the in- 
vestment of these large sums of money may not realize the intent 
I of those who made them available. 


If the discipline of science education is to improve, move for- 
ward, and flourish to the extent demanded by these crucial times, 
then it must build on a solid ^foundation of research findings in 
such areas as philosophy mid objectives, public policy, teaching- 
learning, curriculum, methodology, teacher education, administra- 


84 


research in teaching of science 


3 

ERIC 


1 . 


tion and supervision, and evaluation. In each of these areas lie 
many unresolved issues emanating from clusters of researchable 
problems. The answers to these problems will be basic and funda- 
mental. Any science education research that tries to find th* 
answers should first give heed to improving its own quality. And' 
seeking improvement in science education research, like seeking 

improvement in anything else, is facilitated bv the use of guide 
lines. * c 

The following guidelines for improving science education re- 
search are offered as suggestions : 

J°. improvcecicnce education research, it is necessary to: 

dentify the broad areas of science education in which current and 
previous research has tended to be concentrated and 

^ i88Ue9 Within the br °* d areas of concern that squire 

w &na,yze 1116 issues into significant, researchable problems. 

educational research, it is necessary to: 

. builda ****/ of educational theory in the field of science teaching 
hypotheses related to the solutions of researchable 

^ test hypotheses in a generalnable manner. 

To implement science education research, it is necessary to- 
develop and use research designs uniquely suited to testing hypoth- 
eses proposals that will facilitate replications of the studies V 

develop and use staUstical and other techniques uniquely suited to 
facilitate collecting, organising, and tabulating dat a 

** use presently available techniques and also design new and uniaue 
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